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Current researches on how we arrive at decisions concentrate on utility 
functions. This article deals with individuals’ choices among pairs of alterna- 
tives involving only two components, in situations where no risks are incurred. 
For instance, Alice’s father announces he will buy her a Ford coupé for gradua- 
tion. She is permitted to select between blue and yellow, and to decide whether 
or not it is to be convertible. A model for choices of this type is detailed here 


and a test of it reported. 


A MODEL OF RISKLESS CHOICE’ 


by Ernest Adams and Robert Fagot 
University of California and University of Oregon 


INTRODUCTION 


HE purpose of this paper is to present 

a model for the explanation and pre- 
diction of individual decision-making in 
situations of riskless choice. The model 
provides a method of measuring ‘subjective 
value’ or ‘utility’ which under some con- 
ditions leads to an ordered metric scale, 
and under still more restrictive conditions 
to an interval scale of utility (cardinal 
utility function). An experiment has been 
carried out to test the model in a simple 
situation of riskless choice, and some re- 
sults of this experiment are summarized. 
The model is concerned with subjects’ 
choices in pair-wise comparisons’ between 
alternatives which involve just two ‘com- 
ponents’.2 Such alternatives might be, for 
example, political candidates who are de- 
scribed as varying in two characteristics, 
liberality and foreign policy. In such a case 
liberality would be one component and 
foreign policy would be a second com- 
ponent, and a political candidate would be 
characterized by a _ specified degree of 
liberality, and a specified foreign policy. In 
a typical experiment to which the model 
would apply, constructed hypothetical al- 
ternatives—such as political candidates in 


1 This research was supported in part by Group 
Psychology Branch, Office of Naval Research, 
under Contract NR 171-064, with Stanford Uni- 
versity. 

* We shall discuss briefly the multi-dimensional 
case on page 6, but otherwise this paper will be 
devoted to the two-component case. 


the above example—would be presented 
pair-wise to the subjects, and they would 
be required to state a preference for one 
of the alternatives of each presented pair. 

This model deals with a certain class of 
such two-component choice situations. This 
class can be characterized intuitively as one 
in which the individual behaves as though 
he assigns subjective values to each of the 
components independently, and then adds 
the values together to get the value of the 
composite alternative. He then chooses 
that alternative of every presented pair 
which has the higher value, or utility. When 
an individual evaluates a composite al- 
ternative by adding the separate utilities 
of each component, he will be said to have 
an additive utility function. 

This ‘additive’ hypothesis of the combina- 
tion of utilities is not new. The assumption 
was common, for example, in the classi- 
cal economic theory of consumers’ be- 
havior, in which it was often assumed that 
the utility of a ‘commodity bundle’ was the 
sum of the utilities of the separate items 
composing the bundle [see, for example, 
Samuelson (15)]. Irving Fisher (9) has 
made an analogous assumption the basis of 
a method for obtaining a measure of mar- 
ginal utility which could be used in theories 
of welfare economics. Additivity hypothe- 
ses also underlie certain modern theories of 
the scaling of multi-dimensional stimuli. 
Factor analysis is concerned with the 
problem of isolating factors or dimensions 
in stimuli to which the subject responds 
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as though he has an additive. weighting 
function. Ward Edwards (5) has assumed a 
kind of additivity in a limited form in his 
‘N-bets’ method of determining a measure 
of utility of certain choices involving risk 
independent of subjective probability. 
Coombs and Kao (4) have made a very 
general study of alternative models for the 
explanation of the preference-behavior of 
subjects confronted with alternatives with 
two or more components. Finally, Gulliksen 
(10) tested several possible laws of utility 
combination, including an additive one, for 
a special class of two-component alterna- 
tives (what we shall call ‘commutative’ 
alternatives; see page 6) to determine which 
of them gives the ‘best fit’ for utilities 
previously determined by the method of 
paired-comparisons for groups of subjects. 

One of the objects of this paper will be 
to make a more detailed logical analysis of 
the additivity hypothesis and its conse- 
quences than has heretofore been made. 
Except in the case of Gulliksen’s study 
cited above, in which an independently 
determined utility function was tested for 
additivity, theories of additive utility func- 
tions serve both to define ‘utility’ and to 
predict preferences, and it is important to 
separate out in such theory the parts of it 
which are merely ‘conventional,’ because 
they are consequences of definitions, and 
the non-logical, empirical consequences. 
The very fact that the assumptions of the 
theory are utilized in determining the 
utility values which are used in making 
predictions and testing the theory may 
cause some doubt as to what constitutes 
a valid test of the theory, and this can only 
be resolved by a careful analysis to deter- 
mine just what the empirical consequences 
of the theory are. Once we have specified 
exactly what observable consequences fol- 
low from a set of observed preferences on 
the assumption that the theory holds, 
then we are in a position to make a valid 
test of the theory. 

The description of the model and the 
analysis of its implications will cover the 
following points: The formal model; some 
of its more important directly observable 


consequences; certain extensions of the 
model; the problem of the uniqueness of 
the utility values determined from the 
model; and finally some applications of the 
model, including the analysis of an experi 
ment conducted to test the model. 


FORMAL STRUCTURE OF THE ADDITIVE 
UTILITY MODEL 

Let K be a set of alternatives, any two of 
which a subject can compare in order of 
preference. A subject’s strict preference rela. 
tion among the members of K is denoted 
P, and his indifference relation is denoted 
I. For reasons of formal simplicity it is 
customary to base the theory of preference 
on the preference-or-indifference relation, 
which we denote by R, rather than im- 
mediately on the preference and indifference 
relations, and we shall follow this approach. 
The relations P and J are defined in terms 
of R in the usual way [see, for example, 
Arrow (2, pp. 13-15)]. 

The alternatives in the model are de- 
scribable in terms of two components. 
Formally, the alternatives are ordered pairs 
(v1, 2) where 2 is an object of some kind, 
and 22 is an object of another kind. Thus 2, 
may be a ‘liberality’ rating, and x. may be 
a ‘foreign policy’ rating, and (2%, 2x2) will 
characterize a person with that liberality 
and foreign policy rating. Abstractly, the 
first components 2, will be members of 
some set A, (in the above example, a set of 
liberality ratings), and the second com- 
ponents 22 will be members of another set 
Ky». The set of alternatives (x, x2) will bea 
subset of the cartesian product K, X Ka, 
which is the set of all ordered pairs (x, 22) 
where x; is a member of AK, and 22 is a 
member of Ke. We shall assume that the 
set of alternatives is actually equal to the 
set K, X Ko. Thus we require that if (2, 22) 
and (y:1, Yy2) are two alternatives, then 
(v1, y2) and (y:, 22) are also alternatives. 
Note that this requirement clearly indicates 
that the set of alternatives will in general 
include alternatives which are only “con- 
ceivable,” but not necessarily actually 
available as possible courses of action. We 
assume that an individual is able to eval- 
uate these unavailable alternatives even 
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though he may not be able to choose them 
for practical reasons. 

The fundamental assumption of utility 
theory is that utility magnitudes deter- 
mine preferences; i.e., a utility function U 
is assumed to represent the strengths of 
the subject’s preferences for the alterna- 
tives in K. The present model assumes the 
existence of a special kind of utility func- 
tion, called an additive utility function. 
Intuitively, this additive hypothesis states 
that the utility of an ordered pair (2, 22) is 
equal to the utility of x, added to the util- 
ity of v2. A formal definition of an additive 
utility function is given below. 

Definition 1. Let U be a real-valued func- 
tion defined over K, X Ko; then U is an 
additive utility function if it satisfies the 
following conditions. 


(a) For all a1, y: in Ky and 22, y2 in Ko, 
(m4, wr)R(y:1, ye) if and only if 
U(x, X2) 2 Uy, ye). 

(b) There exist functions U; and U, 
defined over K, and Kz respectively, 
such that for all 2, in Ky, and ze in 
Ks, U(a1, X2) = U,(a1) + U2(x2). 


The basic assumption of the model may 
now be stated: 

Additive Hypothesis: There exists an addi- 
tive utility function for the set Ki K Ke 
and the preference-or-indifference relation R. 

It will be noted that in condition (a) U 
is defined only for alternatives as a whole, 
and hence in condition (b) it is necessary 
to introduce two new utility functions U; 
and Us», representing the utility values of 
the first and second components of the 
alternatives, respectively. The interpreta- 
tion of U, U, and U2 are clear: these are 
any functions satisfying Definition 1. Test- 
ing the additive hypothesis simply tests 
whether or not there exist functions U, 
U, and U, which satisfy the fundamental 
hypothesis. 

In a second possible interpretation of the 
utility functions U, U; and U2, the utility 
values of the alternatives and their com- 
ponents may be those determined in a 
different theory of utility. For example, the 
theory of decision-making under risk fur- 
nishes a method for measuring the utilities 


of certain types of alternatives, and U, U, 
and U2 can be assumed to be the functions 
determined by this theory. With this in- 
terpretation of the utility functions the 
additive hypothesis is much stronger in 
predictive consequences than if this hy- 
pothesis is simultaneously used to deter- 
mine the utility values with which predic- 
tions are to be made, as in the first 
interpretation considered. This point will 
be considered in more detail on page 9. 

Of course, it is not immediately evident 
what conditions must be satisfied by any 
preference field in order that it satisfy the 
additive hypothesis, and therefore in the 
following section we shall specify some of 
the consequences about the structure of 
the preference field which follow from the 
additive hypothesis. 


SOME EMPIRICAL CONSEQUENCES OF THE 
ADDITIVE HYPOTHESIS 


In this section we shall present some of 
the empirical consequences of the assump- 
tion of additivity. An ‘empirical’ or ‘ob- 
servable’ consequence is any consequence 
implied by the additive hypothesis about 
the relations P,; J and R themselves. One 
important feature of such consequences is 
the fact that they can be tested directly by 
observation without first computing the 
utility values of the alternatives. 

Another reason for giving the empirical 
consequences of the additive hypothesis is 
that in many instances in which the model 
is not perfectly satisfied by a subject, it is 
of interest to attempt to discover which of 
the consequences he does satisfy and which 
he does not; i.e., to discover precisely in 
what way additivity fails to hold. Un- 
fortunately, there is no simple set of con- 
sequences which completely exhausts the 
empirical significance of the additive hy- 
pothesis, even for finite sets if A, and K, 
can be of any finite size. Therefore in this 
section we shall give only some of the more 
important observable consequences of addi- 
tivity. The proofs of these “theorems” 
which follow from the additive ‘‘axiom” are 
mathematically trivial, and hence shall be 
omitted. The Hmpirical Consequences will 
be formulated in terms of the relation R, 
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but in each case the modifications obtained 
by replacing R with the relations P and J 
follow directly. 

Empirical Consequence 1. R is a weak 
ordering of K = K, X Kz; i.e., R satisfies 
the conditions: 


(a) For all x and y in K, either xRy or 

. ibe. 

(b) For all z, y and z in K, if xRy and 
yRz, then xRz. 


The fact that R is a weak ordering yields 
consequences for the relations P, J and R 
(for example, that the relations P and J 
are transitive), which are more or less 
‘corollaries’ of Consequence 1. All of these 
consequences are well known, and we shall 
not restate them here. 

Consequence 2, which follows, is perhaps 
the most important of the empirical con- 
sequences peculiar to the model. 

Empirical Consequence 2. (The Inde- 
pendence Condition.) For all x; and y; in 
K, and x2 and y2 in Kz: 


(a) If (a, 2)R(x, ye) then (y1,%2)R(y, yo). 
(b) If (a1, yo) R(yr, yo) then (21, x2)R(y, £2). 


The Independence Condition states es- 
sentially that each of the sets K, and K, can 
be ordered in preference independently of 
the others; i.e., it is possible to assign a 
preference ordering to the individual com- 
ponents, derived from the ordering of the 
total alternatives. Thus we infer that 2, is 
preferred to y; if (a, 22)P(y:, 2X2). Conse- 
quence 2 guarantees that the order of 
preference between x, and y, obtained by 
comparing (2, X2) with (y;, x2) will not be 
changed if x2 is replaced by any other ele- 
ment y2 of Ke. Below we give a formal 
definition of the preference orderings within 
the individual sets K, and Ky for systems 
satisfying the Independence Condition. 

Definition 2: For all 21, y, in K, and xo, 
yo in Ke, xRyy, if and only if (x, 22): 
R(m, x2), and xeRoye if and only if (x, x2) 
‘R(x, y2). 

If Consequences 1 and 2 are satisfied, 
then the relations R, and R, establish weak 
orderings over the sets K, and Kz respec- 
tively, analogous to the weak ordering R 
over K, X Ko. 


It should be noted in connection with the 
definition of R; and R, that these preference 
relations on the components are derived 
from comparisons of composite alternatives 
and not from direct comparisons of single 
components. It is at least logically possible 
that, say, 2,P:y, might be inferred from 
comparisons of two-component alternatives 
according to Definition 1, but that if 
asked directly the subject might say that 
he preferred y; to 2 in a choice between 
these components taken individually. 

Psychologists sometimes tacitly make 
this assumption of independence. Gulliksen 
(11, p. 125), for example, in deriving a 
least squares solution for paired compari- 
sons with incomplete data, suggests that in 
experiments in which composite alternatives 
are used, it would be desirable to exclude 
such comparisons as (a and b) with (a and 
c), where a, b and c are objects of some 
kind. Such an omission assumes the in- 
dependence condition, but allows for no 
test of this assumption. It is obvious that 
there will be many situations in which one 
would not expect the independence condi- 
tion to hold, such as for competing and 
complementary objects [see, for example, 
Edwards (6, pp. 382-389)]. Therefore, in 
applying this model, one must look for 
situations in which the components are 
independent. 

One important corollary of Consequences 
1 and 2 is that if one alternative dominates 
another, in the sense that the first alterna- 
tive is ‘at least as good’ as the other on 
both components, then the first alternative 
must be preferred-or-indifferent to the 
second. If an alternative (2, x2) dominates 
another alternative (y:, ye), we write 
(11, 22)D(y, yo). A formal definition of 
dominance is given below. 

Definition 3: For all 2, y: in Ky and 2, 
y2 in Kg, if x;Riy; for i = 1, 2, then (x, 22) 
dominates (y1, Y2); 1.€., (41, L2)D(y1, Yo): 

The relation D is transitive, and in fact, 
D is a quasi-ordering of Ki X Ke [see, for 
example, Arrow (2, p. 35)]. D would be a 
weak ordering of K, X Kz if it were the case 
that for all 7, y in K, and 22, y2 in Ky, 
either (11, x2)D(y%1, yo) or (41, Y2)D(ax1, 22). 
However, for certain pairs of alternatives, 
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the relation of dominance does not hold, 
and these pairs are particularly important 
in that a choice between two such alterna- 
tives involves an element of conflict. For 
example, a comparison between (2, 22) and 
(v1, Y2) involves conflict if x, is preferred 
to y: but y2 is preferred to x2. The strength 
of a subject’s preferences for 2, over y; and 
y2 Over Z2 can be represented by the two 
utility intervals X, — Y, and Y2 — Xza, 
respectively (where the capital letters 
denote the utilities of the components). 
The subject resolves this conflict, and hence 
makes a choice, by evaluating these two 
utility intervals. Thus if for some subject 
X, — Yi > Yeo — Xo, then that subject 
will prefer (21, 22) to (y%, Ye). Although 
obviously some conflict choices may be 
predictable from transitivity, it will usually 
be the case that a residue of conflict choices 
is independent of Consequences 1 and 2. 
In other words, from a specific set of prefer- 
ences, some subset of the conflict choices 
will be predictable from the additive 
hypothesis, but not from Consequences 1 
and 2. This result is to be expected on 
theoretical grounds, since Consequences 1 
and 2 are not sufficient to guarantee the 
existence of an additive utility function. 

We present below one final Empirical 
Consequence (which is independent of Con- 
sequences 1 and 2) of the additive hypothe- 
sis which has implications for the conflict 
choices. 

Empirical Consequence 3. For all 1, y: 
and 2, in K, and x2, y2 and 22 in Ko, if 
(m1, t2)R(y1, yo) and (y1, 22)R(a, 22), then 
(21, 22)R(Z1, y2). 

The intuitive significance of Consequence 
3 is not nearly so obvious as that of Con- 
sequences 1 and 2, but it becomes clearer 
if it is expressed in, terms of the corre- 
sponding inequalities among utility values. 
It should be clear from the discussion above 
that the three preference relations in Con- 
sequence 3 may be expressed directly as the 
following inequalities in utility intervals: 


(1) X,- ¥,> Y2-— X2 
(2) Y,-—-24,>X2-— 22 
(3) X, td Zi > Y. we Z>. 


According to Consequence 3, inequality 


(3) is implied by (1) and (2). By simple 
addition of intervals this is easily seen to 
be the casc, since X, — Z, is the sum of 
the two intervals X, — Y; and Y¥; — JZ, 
and Y. — Z;, is the sum of the two intervals 
Ye — Xe and X_2 — Zz. Each interval 
represents a difference in utility between 
elements within one of the sets K; and Kz. 
Hence we may think of the subject as com- 
paring utility intervals, where each interval 
represents the difference in utility between 
two elements within one of the sets K, or 
K». Then Consequence 3 may be interpreted 
as requiring that such utility intervals be 
additive. 

In empirical situations, it is usually 
easier to use these consequences directly 
rather than attempt to use the additive 
hypothesis in making predictions from any 
system of observed preferences. Thus, if we 
observe (21, %2)P(y:, X2), then we can use 
the Independence Condition to _ infer 
(x1, 22)P(y1, 22). It is obvious that the other 
consequences can be used analogously in 
making predictions. 

It is clear that the foregoing empirical 
consequences must be satisfied in any 
additive preference field, since they are 
deducible from the additive hypothesis. 
They are not, however, sufficient to guar- 
antee the existence of an additive utility 
function. Therefore, it is not sufficient in 
determining whether or not a given prefer- 
ence system satisfies the model to deter- 
mine whether it satisfies the empirical 
consequences given in this section, since 
there will be systems which satisfy these 
consequences but for which there is not an 
additive utility function. In fact, as a 
consequence of a result obtained by Scott 
and Suppes (16, pp. 16-27), it can be shown 
that no set of empirical consequences of the 
additive hypothesis of the types we have 
been considering in this section exhausts 
the empirical content of the additive hy- 
pothesis for all finite sets of alternatives. 
Therefore it is not possible to give such a 
set of necessary and sufficient conditions 
for the existence of an additive function for 
all finite systems. 

Since Consequences 1-3 do not exhaust 
the empirical significance of the additive 
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hypothesis (and hence do not have the 
‘predictive strength’ of the additive hy- 
pothesis), it is possible to define a ‘weaker’ 
model which has Consequences 1-3 as 
‘axioms’. We may also define still weaker 
models in terms of the empirical conse- 
quences, such as the Ordinal Model, which 
has Consequence 1 as its only axiom, and 
the Independence Model which has Conse- 
quences 1-2 as axioms. Experimental 
comparisons of the alternative models can 
thus be made. 

We might indicate at this point how one 
might determine if the additive model, or 
one of the weaker models defined above, is 
satisfied for a system of observed prefer- 
ences. In the case of the additive model, a 
decision procedure can be given for deter- 
mining unequivocally whether or not a 
system of observed preferences satisfies 
the additive hypothesis. It is clear that 
every choice that a subject makes can be 
represented by an equality or inequality 
among utility values. There will be one such 
inequality (or equality) for each preference 
observed, and the problem of determining 
whether or not the system of preferences 
satisfies the additive model reduces to the 
problem of determining whether the corre- 
sponding system of inequalities and equali- 
ties is consistent, i.e., has a solution. There 
is a well-known procedure for determining 
whether or not such a system has a solution 
and for constructing a solution if it has one, 
and we shall not repeat it here [see, for 
example, Kuhn (14)]. In the event that 
such a solution does not exist, i.e., the addi- 
tive model is not perfectly satisfied, we may 
test to determine if one of the weaker 
models is satisfied by directly testing the 
axioms (consequences). 


EXTENSIONS OF THE MODEL 


In this section we discuss briefly possible 
extensions of the present model to wider 
classes of decision situations. One of these 
is the obvious one to alternatives of more 
than two components, and another is to 
situations involving elements of risk. 

If the number of components is a fixed 
number n, then each alternative can be 
represented as an ordered n - tuple 
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(1, +++, tn). If Ki, --- , Ky are the sets of 
first, second, n-th components, then the 
total set of alternatives is K,X --- XK,. The 
additive hypothesis is that there exists q 
utility function U for the set K,X --- XK,, 
and functions U,;, Us, ---, Un over the 


sets Ki, Ke,---, K, such that for all z, 
in K;,z = 1,2,---,n 
(1) U(ai, +++ , an) = Ur(tr) + --- + Ul). 


Although this extension follows obviously 
from the two-component case, the empirical 
consequences of the additive hypothesis for 
n-component systems are not so obvious, 
and will not be discussed in this paper. 

Another possible extension of the model 
would be to commutative systems in which 
the alternatives are arbitrary sequences of 
objects from some basic set K’, and not 
sequences of fixed size. A formal charac- 
terization of commutative systems will not 
be given here, but the following example of 
such a system shows clearly the kind of 
situation to which this extension would 
apply. This example is provided by an ex- 
periment conducted by Thurstone and 
Jones (18) in which the basic set K’ con- 
sisted of several different articles which 
might be received as birthday gifts, such as 
a pen and pencil set, a brief case, and a 
table lamp. An alternative was either a 
single article or a pair of articles, although 
any arbitrary sequence of articles from the 
basic set K’ could have been included. A 
comparison of this example of a commuta- 
tive system with the example of political 
candidates for a non-commutative system 
(see page 1) should clarify a fundamental 
difference between the two systems, which 
is the kind of alternatives admissible in 
each system. Thus in the commutative 
case an alternative could be (desk lamp, 
desk lamp) (i.e., two desk lamps), whereas 
in the non-commutative case such alterna- 
tives are not admissible; for example, the 
alternative (high liberality, high liberality) 
could not be a member of K; X Kz in the 
non-commutative case. 

Gulliksen’s study of food preferences 
[Gulliksen (10)] is another example of an 
experiment on commutative systems. It is 
worthwhile pointing out, however, that 
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neither of these two studies were con- 
cerned with individual decision-making, as 
is the present model. An interesting prob- 
lem would be the relationship between 
the individual utility functions determined 
by this model and the group utility func- 
tions determined in the two studies cited 
above. 

The present theory may be combined 
with a theory of utility under risk by ex- 
tending the set of alternatives to include 
risk combinations of the original two- 
component alternatives. Suppose that K 
is a set of two-component alternatives. If 
(x1, 22) and (41, Y2) are elements of K, then 
it is possible to form a risk ‘mixture’ of 
them, p(x, 2) + (1 — p)(y, y2), represent- 
ing the ‘prospect’ of getting alternative 
(a, %2) if an event of probability p occurs 
and getting (y:, y2) if it does not occur. If 
we proceed to form probability mixtures of 
K, mixtures of these mixtures, and so on, 
we form a set which is the mixture space 
generated by K [see Hausner (12)]. 


UNIQUENESS OF ADDITIVE UTILITY 
FUNCTIONS 

Intuitively, a preference field with an 
additive utility function yields an interval 
scale of utility (or cardinal utility function) 
if it is the case that the utility function is 
completely determined once a zero point 
and a unit of utility have been chosen. 
Mathematically, to say that a preference 
field has a cardinal utility function means 
that any two additive utility functions for 
this field must be related by a linear trans- 
formation. A decision procedure can be 
given to determine whether or not the 
utility function (if it exists) is in fact a 
cardinal utility function [see Adams and 
Fagot (1, pp. 44-51)). 

A question arises as to the uniqueness of 
additive utility functions in those cases in 
which they are not unique up to a linear 
transformation (i.e., are not interval scales). 
There is a close connection both formally 
and empirically between additive utility 
functions and ordered metrics [see Coombs 
(3)]. It is clear from the discussion of Con- 
sequence 3 in Section 3 that the additive 
model provides a partial ordering on certain 


utility intervals. Thus a comparison be- 
tween (21, X2) and (j%, Ye) provides an 
ordering on the two utility intervals 
Ui (21) — Ui(m) and U2(y2) oe U2(x2). But 
since we are able only to infer a preference 
ordering within the sets K, and Kez sepa- 
rately, and not within the union of K, and 
Kz (i.e., within the set which contains all 
the members of both K, and K,) then we 
can only get a partial ordering on utility 
intervals, and not a complete ordering. 
However, it is easy to show that the addi- 
tive model does provide a complete ordering 
on utility intervals for commutative sys- 
tems: 


APPLICATIONS OF THE MODEL 


In this section we shall discuss three 
types of situations to which the model may 
be applied. The first is a direct test of the 
additive hypothesis, or of one of the weaker 
alternative models. In this case one simply 
tests to determine whether or not subjects 
do in fact behave in accordance with the 
additive hypothesis; if not, one attempts to 
determine precisely which of the empirical 
consequences are disconfirmed. Intuitively, 
this case corresponds to the measurement 
problem: if the model is satisfied we have 
in fact constructed a scale. 

The second and third situations might be 
thought of as the prediction problem: given 
a particular scale (a set of observations 
satisfying a model), what predictions can 
be made? In the second situation we shall 
consider the use of a subset of observations 
to predict to another subset, and the allied 
problem of using the scale derived from the 
model as an independent measure of utility 
to be used in conjunction with another 
theory. In the third situation, an inde- 
pendent measure of utility is obtained 
from some other theory, and this measure 
is used to make predictions between multi- 
component alternatives under the assump- 
tion that the additive hypothesis (or one of 
the weaker models) holds. This latter 
situation is related to the comparison of 
utility scales derived by different methods. 

An experiment will now be described 
which was designed to test. whether or not 
subjects do in fact behave in accord with 
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the model. This experiment will not be 
presented in great detail, since its only 
purpose is to illustrate how the model may 
be tested. In this experiment each of 24 
subjects was instructed to take the role of 
a personnel manager for a large corporation 
and choose among hypothetical applicants, 
two at a time, for an executive position for 
which a job description was supplied. The 
applicants were described in terms of just 
two characteristics, or components, which 
were ‘intelligence’ and ‘ability to handle 
people.’ On each of these components, four 
levels of ability were distinguished, making 
a total of 16 alternatives. Thus one of a 
subject’s choices would be between an ap- 
plicant of high intelligence and low ability 
to handle people and a second applicant 
with low intelligence and high ability to 
handle people. Each decision that a subject 
makes can be represented as an inequality 
in utility values. The additive model is 
perfectly satisfied for a particular subject 
if and only if the resulting set of inequalities 
has a solution. Analysis of the data showed 
that 6 subjects (25%) perfectly satisfied 
the additive model; i.e., for each of these 6 
subjects, the 77° choices he was required to 
make resulted in 77 inequalities in utility 
values, these inequalities being consistent. 
Of those subjects who did not perfectly 
satisfy the additive model, it was observed 
that in all cases the ordinal model as well 
was disconfirmed. In other words, the follow- 
ing result holds for this experiment with- 
out exception: if the ordinal model was 
satisfied, then the additive model was sat- 
isfied, and if the additive model was 
disconfirmed, then the ordinal model was 
disconfirmed. This result does not fit at 
all the notion that transitivity is a simple 
condition which we should expect to be 
satisfied, whereas additivity is a more com- 
plex requirement which we should hardly 
expect to be satisfied. Analysis of the 


kinds of errors the subjects made suggests - 


to us that disconfirmation was due largely 


3 All possible paired comparisons would con- 
stitute 120 choices, but 43 dominance relations 
were omitted (see Definition 3). These could be 
specified in advance since there is an assumed 
a priori ordering within each of the sets Ki and 
RK. 


to occasional inattention to the task. Ip 
other words, when the subject was suff- 
ciently attentive to be transitive, he was 
also additive. This suggested an analysis of 
the data in terms of the largest subset of 
inequalities consistent with the model (for 
each subject). This kind of analysis showed 
that 80% of the subjects had at most 3 
such “errors” each; i.e., for each of these 
subjects, at least 74 of the 77 observed 
choices were consistent with the additive 
model. Only 2 of the subjects had more 
than 4 such errors.‘ 

One problem of great interest which may 
be discussed in connection with this ex- 
periment is the relative “predictive 
strengths” of alternative models. One way 
of obtaining a measure of the predictive 
strength of a model is to determine the 
minimum number of preferences necessary 
and sufficient to predict the remaining 
preferences by means of the axioms of the 
model. For example, suppose we observe 
the following preferences: xPy, yPz, and 
xPz. Then the first two preferences are 
sufficient to “characterize completely the 
system of preferences in the ordinal model,” 
since the third preference is a consequence 
derived from the axiom of transitivity. The 
third preference contains superfluous _in- 
formation, and can be utilized as a test of 
the tenability of the assumption of transi- 
tivity. Thus any set of observed preferences 
can be reduced to a minimum number of 
preferences from which the remaining 
preferences are predictable by means of 
the axioms of the model. The smaller the 
number of observations necessary to char- 
acterize the complete set of observations, in 
the manner described above, the greater 
the predictive strength of the model. The 
model of greater predictive strength is thus 
capable of predicting certain preferences 
which are unpredictable in the weaker 
model. For example, in the ordinal model 
(n — 1) preferences—where n is the number 
of alternatives—are necessary and sufficient 
to predict the remaining (n — 1)(n — 2)/2 
preferences. The greater predictive strength 
of the additive model can be assessed by 


4 For a detailed analysis of this experiment, see 
Fagot (8). 
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the reduction in the minimum subset from 
(n — 1) preferences. 

In the experiment above, the mean of all 
subjects of the number of preferences 
necessary to characterize the set of ob- 
servations was 15 for the ordinal model, 10 
for the independence model, and 7 for the 
additive model. No general results were 
obtained for comparing the alternative 
models, but theoretical discussions of this 
problem are available in Kemeny and 
Oppenheim (13), and Fagot (7). 

As an example of a second possible ap- 
plication of the model, in which one subset 
of observations is used to predict another, 
consider the following extension of the 
above experiment. We introduce a third 
component, K;, ‘capacity to assume re- 
sponsibility.’ We now have three sets of 
components, K,, K. and K;. These sets 
could be utilized to form three two-com- 
ponent sets of alternatives, (1) Ki X Ko, 
(2) Ki X K; and (3) Ke X Kz;, and one 
three-component set of alternatives, (4) 
Ki X Kz X K;3, where K,; X Kez is the set 
of alternatives actually used in the experi- 
ment above. We could then have each sub- 
ject make pair-wise choices among the 
alternatives within each of the four sets. 
The choices within any two of the first 
three sets of alternatives could be utilized 
to construct a utility function, and this 
utility function could be used to predict 
the choices among the alternatives of the 
third set. Finally, the choices among the 
alternatives within each of the first three 
(two-component) sets could be utilized to 
construct a utility function, and this func- 
tion could be used to predict choices among 
the alternatives of the fourth (three-com- 
ponent) set. Each of the three models, the 
ordinal, independence and additive, could 
then be compared on the prediction of these 
observations. 

The present model can also serve a useful 
purpose in connection with other utility 
theories, particularly the theory of choices 
under risk. In this theory a problem usually 
arises in separating the two factors of utility 
and subjective probability in determining 
a subject’s reaction to the alternatives 
involving risk. Since the theory involves 


two variables, utility and subjective prob- 
ability, it is often not possible to obtain an 
independent measure of either within the 
framework of the theory, and it is necessary 
to go outside the theory or make additional 
assumptions in order to obtain a measure 
of utility independent of subjective prob- 
ability. The present model could then be 
used to furnish a measure of utility in- 
dependent of subjective probability which 
could be introduced into the model of de- 
cisions under risk to obtain a measure of 
subjective probability. 

It has been stated previously that the 
basic assumption of the additivity of the 
components is usually used simultaneously 
to determine the utility values and to make 
further predictions. Under these conditions 
the predictive consequences of the model 
are much weaker than if the utility values 
were obtained outside the model by in- 
dependent methods of measurement. Two 
such theories which could be utilized for 
this purpose are those of Siegel (17) and 
Fagot (7), provided the commutative case 
is used (see page 6). Such theories could be 
used to assign utility values to the com- 
ponents of the alternatives, then predic- 
tions of choices between two-component 
alternatives could be made under the as- 
sumption that the additive hypothesis 
holds. 
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Then said a teacher, Speak to us of Teaching. 


And he said: 


No man can reveal to you aught but that which already lies 
half asleep in the dawning of your knowledge. 

The teacher who walks in the shadow of the temple, among his 
followers, gives not of his wisdom but rather of his faith and his 


lovingness. 


If he is indeed wise he does not bid you enter the house of his 
wisdom, but rather leads you to the threshold of your own mind. 

The astronomer may speak to you of his understanding of space, 
but he cannot give you his understanding. 

The musician may sing to you of the rhythm which is in all 
space, but he cannot give you the ear which arrests the rhythm 


nor the voice that echoes it. 


And he who is versed in the science of numbers can tell of the 
regions of weight and measure, but he cannot conduct you thither. 
For the vision of one man lends not its wings to another man. 


—KaAuHuit Grsran, The Prophet. 
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It seems obvious that a gambler is motivated to take risks by expectation 
of gain. In the development of a theory of gambling behavior the need has 
been recognized of determining the gambler’s “utility function” with respect 
to money, that is, the relative worth to him of various amounts of money. 
But more than money may be involved in the gambler’s expected gain. 
Gambling itself may have a “utility” for him. Here a theory of gambling 
decisions takes into account both utilities. 


A MODEL FOR THE EXPERIMENTAL MEASUREMENT OF 


THE UTILITY OF GAMBLING’ 


by Halsey L. Royden, Patrick Suppes and Karol Walsh 


Stanford University 


THE MODEL 


HE experiment described in this paper 
T was designed to measure utility of 
gambling to an individual and to predict, 
on the basis of this measured utility, the 
individual’s future choices. The vexing 
problem of the existence of a specific utility 
of gambling has been much discussed in 
the literature of decision making. Von 
Neumann and Morgenstern (5, p. 28) have 
this to say: ‘““‘We have practically defined 
numerical utility as being that thing for 
which the calculus of mathematical expec- 
tations is legitimate. Since jour axioms] 
secure that that necessary construction can 
be carried out, concepts like a ‘specific 
utility of gambling’ cannot be formulated 
free of contradiction on this level.” And 
they add in a footnote to this last sentence: 
“This may seem to be a paradoxical asser- 
tion. But anybody who has seriously tried 
to axiomatize that elusive concept, will 
probably concur in it.” As far as we know 
the work reported in this paper constitutes 
the first systematic attempt to measure 
experimentally the utility of gambling. The 
model at the basis of our experiment does 
not yield a complete axiomatization of this 
“elusive” concept, but it is a mathemati- 


'This research was supported by Group Psy- 
chology Branch, Office of Naval Research. 
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cally definite model for monetary out- 
comes.” 

The model can best be explained by pre- 
senting a detailed illustration of how it is 


2In 1906 Irving Fisher (Income and Capital) 
suggested that a person’s choice between alterna- 
tive investments depends not only on the mean 


oY. sees : 
return (e+ in the cases studied in this present 


article ) but also on other properties, such as dis- 


persion, of the probability distribution of returns. 
It has become customary among economists to 
describe as a “risk-lover’’ a person who, of two 
investments with the same mean return, prefers 
the one with higher dispersion. The experiments 
described in the article throw light on the occur- 
rence and extent of such behavior. As stated later 
in the article, such behavior, and the consequent 
existence of a “‘utility of gambling” in the authors’ 
sense, does not, in fact, contradict the Neumann- 
Morgenstern hypothesis that a person is character- 
ized by a “utility function’? whose expected value 
he maximizes. A “specific utility of gambling . . . 
formulated free of contradiction on this level’’ (to 
use the above quotation from Neumann-Morgen- 
stern) would have to be defined differently. For 
example, the Neumann-Morgenstern hypothesis 
is, in fact, refuted by a person who plays Russian 
roulette or in some other way shows that he prefers 
a high to a low probability of an undesirable out- 
come. In economic literature, such behavior is 
sometimes called “love of danger,’’ and distin- 
guished from ‘“‘love of risk.’’ 
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tested in the experiment. Offers in the form 
of a game matrix 








A B 
H 7} zZ | 
eare 








are given S, where x and y are different 
small amounts of money, and z is some 
other small amount of money approximately 
half-way between x and y. S is asked to 
select either option A or option B, and is 
told that if he chooses option A, he will be 
allowed to throw a fair die to decide which 
value he will actually win; if he chooses 
option B, his win is certain, the amount z. 
The amount z is varied during the experi- 
ment until S’s point of indifference between 
the ‘“sure-thing option” (z, z) and the 
“gamble” (x, y) is reached, that is, until 
the value z’ is found such that S, when 
presented at random the offer 








A B 
rare 
| y zg 


shifts back and forth in his choice of A or 
B, and no longer consistently picks one or 
the other. The value z’ is called S’s indif- 
ference point. This indifference point, 2’, 
minus the mean of the “true” option (x, y) 
is the utility of gambling value associated 
with the pair of values x and y. In symbols, 


(FEY SK oe,y) 





where ¢ is the utility of gambling function. 
Since each option (x, y) is uniquely de- 


termined by its mean m = ty and its 
absolute difference d = |x — y|, we re- 


place y’ by the function ¢ defined for the 
means and differences, that is, 


(lz “ me ") = ¢'(z, y). 





2 


In view of the fact that the fair die used is 
tested to insure that it has subjective prob- 
ability 14, the difference |x — y | is simply 


twice the standard deviation of the offer 
(x, y) for 


ee ees 


ese 2 | 
+(y 7) 








’ 


tl 


whence 
o(z,y) =3|r—y|. 


The experimental problem is then, on the 
basis of limited observations, to construct 
each S’s utility of gambling surface. As 
would be expected, our procedure is to draw 
a contour map of g-values, where means 
are plotted on the abscissa and differences 
on the ordinate. 

The standard hypothesis of rational be- 
havior that individuals maximize expected 
utility is now replaced, for the special case 
of monetary outcomes, by the hypothesis 
that they maximize the sum of the ex- 
pected monetary value and the utility of 
gambling of the option. If > represents 
weak preference among options, we may 
symbolize this hypothesis by: 

H. For each S, there is a utility of gambling 
function ¢ such that for all small amounts of 
money x, y, uand v if x ¥ y and u ¥ v then 


(x, y) = (u, v) if and only if avy 
utov 
2 

There are two remarks of some theoreti- 
cal interest on the relationship between 
Hypothesis H and the maximization of ex- 
pected utility hypothesis (MEU). The first 
is to note the somewhat surprising fact that 
MEU implies H. For the observation of 
this fact, we are much indebted to Pro- 
fessor Marschak. His argument runs as 
follows. Let the indifference point 2’ of any 
option (x, y) be designated by 7,, , and let 
~~ be indifference between options. Then 


(1) try © (x, y), 
and thus assuming that always more money 
is preferred to less: 


(2) (x,y) = (u, v) 


+ ¢'(a, y) > + ¢’(u, v). 


if and only if 
tay > fap . 
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Given the utility function u on the basis of 
MEU, then from (1), we have 


u ee + u(y) 








U(try 


and thus 


oo at / \ 
Consequently from our earlier definition of 
yg’, we have 


= yo (ue sey 3 





¢ (x, y) = try — aay 
(3) 
wie (Mee “Wy _ r+ y 
2 ie 
and also from (3) we have 
(4) = ¢'(x, y) mas om, 


but substituting (4) into (2) on exactly 
H, with ¢ now defined in terms of wu. 

On the other hand, the second remark is 
that H does not imply MEU. To begin 
with, we notice that the existence of such 
examples seems intuitively obvious since 
the utility function u is a function of one 
variable and ¢’ is a function of two variables 
on which only mild restraints are placed. 
To facilitate further discussion, we define: 


v(x, y) = 14 + o'(z, y). 


It is compatible with ilies H to im- 
pose the following conditions on y: 


(i) ¥(z, y) = Hy, 2) 

(ii) ifa <ythenz < ¥(z,y) Sy 

(iii) if < 2’ and y < y’ then Y(z, y) < 
V(x’, y’). 

We call these three conditions together 


Hypothesis J. Our experiment was so con- 
structed that J was always satisfied. A 


much more restrictive additivity condition | 


is the assumption that S’s preference is not 


changed by increasing all amounts of money ‘ 


by a fixed sum. This is essentially equiva- 
lent to saying S’s preference is independent 
of a prepayment unrelated to his bet, or 
that his choices are not influenced by the 


amount of his capital. This assumption, 
which we call Hypothesis A, may be ex- 
pressed formally by asserting the existence 
of a function f such that 


(iv) f(x — y) = ¢'(x, y) 
(v) —3t < f(t) < it 
(vi) f(0) = 

(vii) f(—t) = fd. 


Now it follows from (3) above that if Hy- 
pothesis MEU is satisfied, then 


(8) (x, y) = w[2(u(x) + u(y))). 


In terms of these hypotheses and suitable 
assumptions on the smoothness of the 
utility function (existence of second deriva- 
tives is sufficient but not necessary), it 
may be shown that Hypothesis A and MEU 
imply Hypotheses H and J, and, more im- 
portantly, imply that 





u(x) = ar+b 
We, y) = 25¥. 


In view of these results, in order to ex- 
hibit functions y (or ¢) which are incon- 
sistent with the existence of a utility func- 
tion, we need only select a y which satisfies 
Hypothesis A but which is such that in 
general 


zrty 
a 








We give four such examples. 


vila, y) =i : as z 





1 
st = y| = max (z,y). 


Use of 2 corresponds to belief by S that he 
will always win. 


y2(x, y) = toy ls — y| = min (z, y). 
Use of ¥2 corresponds to belief by S that he 


will always lose. 
¥3(2, y) 


a with 





+a|lzx—yl, la| <3 
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This gambling function expresses belief in 
winning with probability 14 + a. 


zrt+y 
2 


le —y|/1—(¢@#—y)’ 
ee (eee ok 


In this last case, S likes to gamble if 
|x — y| < 1, and does not like to gamble 
if|2 — y|> 1. Thus, for|xz — y| small, 
¥y, resembles ¥,, and for|x — y_| large, 
y, resembles y» . 

It may be remarked that no S in the ex- 
periment had a utility of gambling surface 
nearly as simple analytically as those de- 
scribed by yi — ¥%. In fact, none actually 
satisfied the additivity assumption of 
Hypothesis A. 


¥4(z, y) = 











EXPERIMENTAL PROCEDURE 


The experimental set-up here reported 
was the same as that described in Suppes 
and Walsh (4). In fact, the same Ss (eight 
sailors from the Moffett Field Air Base) 
and an additional eight undergraduate 
students from Stanford University (six 
boys and two girls) were used. When first 
introduced to the experiment each S was 
told that he would be participating in a 
“gambling” situation designed to give in- 
formation about how people make decisions 
involving various amounts of money. Each 
S was assured that the experimental re- 
sults would remain confidential and that 
these results would not be used to make 
value judgments about his character or in- 
telligence. The purpose of the experiment, 
Ss were told, was purely descriptive. 

After these preliminary remarks had been 
made, each S, protected by $2.00 playing 
credit, was given a set of trial alternatives 
of the following sort: 








A B 
eoteiah We 
y WwW 














where x, y, z and w are small amounts of 
money. S was asked to pick an option, 
column A or column B, and was told that 
the row value would be decided by his 


tossing an unbiased die. On each side of the 
die was a nonsense syllable instead of g 
number (to avoid the effect of previously 
conceived preference for certain numbers), 
and S was asked to assign one row value 
to three sides of the die, the second row 
value being then automatically assigned to 
the remaining three sides (1). Ss were as. 
sured that they would not lose more than 
their $2.00 credit during the experiment, 
and they were told that the average profit 


in previous runs had been about $2.50 for 
the six sessions.’ In order to save time Ss 


were not allowed to toss for all offers pre- 
sented in each session, but at the end of a 
period of play they were instructed to draw 
ten numbers at random from an envelope 
containing as many numbers as there were 
offers in the session and their wins were 
the results of these ten tosses. 

Offers presented in the first two sessions 
consisted of various combinations of the 
seven amounts: —39¢, —23¢, —10¢, 2¢, 
13¢, 27¢, 42¢, such that no option domi- 
nated, or was better in both values than its 
companion option. The eight sailors were 
given 42 offers, containing seven repeti- 
tions, and no “non-gambles,” or pairs of 
alternatives of the form (x, y) and (2, 2). 
The eight students were given 80 offers in- 
cluding all alternatives given to the sailors, 
plus 3 more repetitions and 35 non-gambles. 

Offers yielding the values which were 
used in constructing the utility of gambling 
surfaces described earlier were composed 
of 27 “true” options consisting of various 
combinations of the 20 amounts: —48¢, 
30d, +364, +814. ~254. -108, ~1 
— 12¢, — 6¢, 1¢, 4¢, 12¢, 14¢, 18¢, 21¢, 
27¢, 33¢, 34¢, 40¢, 46¢, coupled with sure- 
thing offers approximately half-way be- 
tween the two amounts of the “true” 
options, and varied until the point of in- 
difference was found, as explained earlier. 
More specifically, the amount z was found 


3 The experiment consisted of six sessions. The 
results of the second two were used to obtain the 
utility of gambling surfaces as above explained. 
Data from the first two, for the sailors, were em- 
ployed in another experiment (4) designed to meas- 
ure monetary utility. The results of both the first 
and last two sessions for both sets of Ss were used 
for predictions. 





the 


lue 


an 


ns 
he 
2, 
ni- 
re 
ti- 


in- 


us 


rst 





MopEL FoR EXPERIMENTAL MEASUREMENT OF UTILITY OF GAMBLING 15 


such that the ‘“‘true’”’ option was chosen over 
(2, z), but (z + 1¢, 2 + 1¢) over the “true”’ 
option. 

The 70 offers of the last two sessions were 
composed of pairs of ‘‘true” options neither 
of which dominated the other in both rows. 
The options consisted of 90 amounts rang- 
ing in value from —46¢ to +50¢. Both the 
first two and last two sessions were used 
for making predictions. 


RESULTS 


Predictions were made for the data in 
sessions one and two and five and six on 
the basis of the utility of gambling model 
explained above and on the basis of an 
“actuarial”? model, that is, the model con- 
sisting of the hypothesis that Ss simply 
choose options so as to maximize expected 
monetary outcome. The predictive results 
for the data of these sessions were classified 
into 9 categories: (1) correct (winning) pre- 
dictions for both actuarial and utility of 
gambling models (WW); (2) correct predic- 
tion for actuarial model, tie for utility of 
gambling (WT); (3) correct prediction for 
actuarial model, wrong (losing) prediction 
for utility of gambling (WL); (4) tie for 
actuarial model, win for gambling (TW); 
(5) tie for both models (77); (6) tie for 
actuarial model, wrong prediction for 
gambling (7'L); (7) wrong prediction for 
actuarial, right for gambling (LW); (8) 


TABLE 1 


PREDICTIVE COMPARISON OF ACTUARIAL AND 
GAMBLING MopELs 






































Subject | WW wr | WL | TW er} Te | ww [or] ~~ 
Re SARA > I He EE oe 

1 44/3] 9/13) 0) 3) 17 | 3 | 20) 112 

2 40; 4/17; 3/1/10}; 7) 3 27 112 
3 53} 2/ 8/12) 2) 2) 16); Oj 17 112 
4 37; 2/13; 8} 1) 6); 16] 1 | 28) 112 
5 44/;2/17) 8/1) 6/ 13] 1) 20) 112 
6 47} 2/13 | 13/0); 2 | 22) 1 {| 12) 112 
7 47} 1) 10); 10; 0) 5| 24) O| 15) 112 
8 34/1/18] 5) 2/9] 14] 3 | 26 112 
9 82; 2/16; 7; 0); 5| 14] 2 | 22) 150 
10 7 |2)19|) 7|0| 5| 29; 0| 11) 150 
11 9%), 7)12/ 7;2;);2] 6) 1) 17 150 
12 91;3/)18;} 7;};0)5); 3} 0] 23) 150 
13 98; 2; 9) 5);0;7)|] 7) 0 22) 150 
Totals {790 |33 179 |105 | 9 \67 |188 |15 |260)1646 
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wrong prediction for actuarial, tie for 
gambling (L7); (9) wrong prediction for 
both models (LL). The summary data 
comparing the actuarial and utility of 
gambling models for both sets of Ss, sailors 
and Stanford students, are presented in 
Table 1, sailors first and students after. 
(Data for three of the students were omitted 
because these Ss’ choices were consistently 
actuarial.) Following Table 1 are two typi- 
cal utility of gambling surfaces, those of Ss 
xland #9. 

Since no interesting conclusions about 
the two models can be drawn from the gross 
results recorded in Table 1, a more careful 
analysis of the data seems to be suggested. 
The question we are essentially concerned 
with is whether one of the models has 
greater predictive worth than the other. 
That is, we wish to test the null hypothesis 
that the two models (gambling and ac- 
tuarial) are the same in predictive power. 
To do this we first tabulate for each S the 
disagreements in predictions for the two 
models, then find, for each S, the signifi- 
cance level for rejecting the null hypothesis, 
and finally we combine these significance 
levels and apply a x? test. References for 
this type of statistical analysis are Mosteller 
and Bush (3) and Moses (2). 

The predictive disagreements were re- 
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Fia. 1. Utility of Gambling Surface for Subject #1. 
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Fia. 2. Utility of Gambling Surface for Subject #9. 


TABLE 2 


PREDICTIVE DISAGREEMENT OF GAMBLING AND 
ACTUARIAL MODELS 











Subject [Plus (Gambling)| —— = Number 
1 31 15 26 
2 12 32 18 
3 28 12 18 
4 25 21 22 
5 22 25 23 
6 36 17 26 
q - 34 16 18 
8 22 28 27 
9 23 23 30 
10 36 6 32 
11 14 21 24 
12 10 6 18 
13 12 18 18 














corded in the following way. Offers for 
which both models made the same predic- 
tion were ignored. Offers for which the 
utility of gambling model predicted a cor- 
rect choice, and the actuarial model pre- 
dicted an incorrect choice or tie were given 
a plus (+). Any offer for which the gam- 
bling model predicted a tie and the actuarial 
model a loss was also assigned a_ plus. 
Offers for which, in the above description, 
the roles of the gambling and actuarial 


models are reversed were assigned a minus 
(—). The data are recorded in Table 2, the 
eight sailors first, then the five students, 
Let p be the probability of a plus. The exact 
significance level was found for the null 
hypothesis that p = .5 against the alterna- 
tive that p > .5. Since a two-sided test 
would not properly account for the varying 
directionality of results, a one-sided test 
was used to provide a clear basis for com- 
bining significance levels. A similar one- 
sided test was made against the alternative 
that p < .5. 

The 13 significance levels (for both 
sailors and students) were then combined, 
using, following the suggestion of Moses 
(2), the Lancaster correction for continuity 





for Fisher’s statistic 


13 
(2) Dd, — 2 log p(X,) 
where p(X;) is the significance level and 
X; the observed number of pluses for ‘the 
i subject. Statistic (1) has approximately 
the x? distribution with 26 degrees of free- 
dom, two for each component. 

The x? results for the 13 Ss together 
were x? = 47.180 against the hypothesis 
that p > .5, and x? = 40.406 against the 
hypothesis that p < .5. The first value is 
significant, for a two-sided test at the .01 
level, the second, significant at the .05 
level. Both tests resulted in a significance 
level <.05. Thus it seems advisable to 
partition Ss into the two subgroups into 
which they naturally fall (sailors and 
students) and apply the x? test to each 
subgroup separately. 

The xj, value for the sailors, against the 
hypothesis that p > .5 is 40.630, which is 
significant for a two-sided test at the .002 
level. The x7) value for the Stanford stu- 
dents against the same hypothesis is 6.55, 
which gives a significance level greater than 
.99. Testing the groups individually against 
the hypothesis that p < .5, the x? values 
were 19.504 for the sailors and 20.902 for 
the students, with respective significance 
levels for a two-sided test of .5 and .05. 
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The clear-cut character of the statistical 
results for the sailors and students suggests 
that the development of a _ well-defined 
utility of gambling varies considerably in 
different cultural groups. 

It might be objected that Ss’ choices be- 
tween the given pairs of offers were prob- 
ably not independent, and hence that the 
above-described statistical analysis is not 
applicable. However, since almost all of 
the offers, with the exception of seven 
repetitions for the sailors and ten repetitions 
for the students in the first two sessions, 
were different, there should have been no 
strong negative or positive recency effects. 
One partial check of independence is given 
by the following test on the number of 
runs of +’s and —’s. The basic idea is this, 
that if S has used some systematic method 
of making choices, then the number of runs 
recorded should be less than that expected 
on a random basis. For each subject we 
tested the null hypothesis that the +’s 
and —’s are randomly distributed against 
the alternative that there are too few runs. 
The cbserved number of runs for each sub- 
ject is recorded in Table 2. The significance 
levels obtained were combined using statis- 
tic (1) as explained above. The result was 
x35 = 14.309, which for a one-sided test 
becomes significant at the .97 level. Thus 
our hypothesis of independence is well sup- 
ported. 

For another test of the utility of gambling 
model we may compare its predictive worth 
against that of the non-linear utility model 
presented in Suppes and Walsh (4). The 
first eight Ss, the sailors, were used in both 
experiments. Predictive disagreements be- 
tween the two models were treated in the 
same manner as predictive disagreements 
between the actuarial and utility of gambling 
models described above.‘ The individual 
significance levels were found for each sub- 
ject for the null hypothesis p = .5 first 
against the hypothesis that p > .5 and sec- 
ond against the hypothesis that p < .5. 
Statistic (1) was again used to combine the 
individual levels. The x?, value against the 


‘ Pluses were assigned to correct predictions of 
the utility model, minuses to correct predictions 
of the gambling model. 


first alternative, that p > .5, was 53.922, 
which is significant (for a two-sided test), 
at beyond the .001 level. Against the alter- 
native that p < .5, xi, was 27.25 which is 
significant at .05. Thus, although both sig- 
nificance levels are <.05, the results favor 
the non-linear utility model. 

Finally, there are some qualitative re- 
marks which seem worth making about the 
utility of gambling surfaces. 

(i) Only two Ss, both students, had a sur- 
face which was everywhere positive (for 
the range of options tested). The fact that 
none of the eight sailors had such a surface 
is evidence against the popular conception 
that service men will “gamble on anything.” 
(Yet one sailor was indifferent between the 
options [—2¢, —2¢] and [+4¢, —$5.00].) 
No S, sailor or student, had a surface which 
was always negative. These results suggest 
that any simple categorization of Ss into 
the two classes: having a taste for gambling, 
having a distaste for gambling, is bound to 
be grossly distorting. 

(ii) Six sailors and three students had a 
high positive utility of gambling for options 
with large negative means and medium 
standard deviations. Four sailors and two 
students had a negative utility of gambling 
for options with approximately zero means 
and large standard deviations. Seven sailors 
and two students had noticeably stronger 
gradients in the area defined by options 
with negative means than in the correspond- 
ing positive area. The existence of these 
quasi-uniformities of behavior should be 
useful in constructing a more complicated 
and sophisticated theory of choice behavior. 

(iii) In constructing the individual utility 
of gambling surfaces (each based on 27 
observations), it was often difficult to draw 
contour lines adequately accounting for 
each observation. It should be interesting 
to investigate what kind of results of the 
sort described in the preceding paragraph 
would be obtained on the basis of a very 
large number of observations with the 
contour lines drawn to fit ‘local’? mean 
values of the observations. 


SUMMARY 
This study reports experimental results 
for a utility of gambling model. The model 
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is designed to yield a direct measurement of 
utility of gambling. The behavioral postulate 
of the model is that Ss choose among options 
so as to maximize the sum of the expected 
monetary value and the utility of gambling. 

The Ss were eight sailors from Moffett 
Field Air Base and eight undergraduate stu- 
dents at Stanford University. Each S 
participated in six sessions, which primarily 
consisted of choosing between pairs of op- 
tions having small gains or losses of money 
as outcomes, depending on the throw of a 
die. For each S 27 subsets of offers yielded 
27 observations used to construct a utility 
of gambling surface. 

The predictive worth of the utility of 
gambling model was compared with the 
actuarial model (maximization of expected 
money value) and found to be significantly 
better for the sailors and significantly worse 


for students, on the basis of a x? test which 
combined individual significance levels, 


REFERENCES 


1. Davidson, D., Suppes, P., & Siegel, S. Decision 
making: An experimental approach. Stan- 
ford: Stanford Univer. Press, 1957. 

2. Moses, L. E. Statistical theory and research de- 
sign. Ann. Rev. of Psychol., 1956, 7, 233- 


258. 

3. Mosteller, F. & Bush, R. R. Selected quantita- 
tive techniques. In G. Lindzey (Ed.) Hand- 
book of social psychology. Cambridge, Mass.: 
Addison-Wesley, 1954. 289-337. 

4. Suppes, P. & Walsh, K. A non-linear model for 
the experimental measurement of utility. 
Tech. Report No. 11 (ONR Contract NR 
171-034), Stanford University, August, 
1957. 

5. von Neumann, J. & Morgenstern, O. Theory of 
games and economic behavior. (2nd ed.) 
Princeton: Princeton Univer. Press, 1947. 


(Manuscript received July, 1958.) 


Considerable nonsense is often talked about applying the scien- 
tific method to social problems. What is this scientific method? 
The usual philosophic inquiries into the question seem to me a bit 
unreal when one surveys the range of methods actually employed 
by sciences as remote from each other as geology, systematic 
botany, organic chemistry and mathematical physics. Perhaps 
science is after all only organized common sense, preferably de- 
rived from experiment and preferably organized on a quantitative 


basis. 


—James B. Conant, Advancement in Learning in the 
United States in the Post-War World 
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How does the personality of the decision maker affect the rules which 
guide his decisions? Does a gambler normally bet in such a way so as to 
maximize expected gain? What is the relation between the objective proba- 
bility of the event and the way this probability appears to the risk taker? 
A combination of clinical psychological methods and statistical methods re- 
veals some interesting relations among background, inferred personality 
traits, and observed gambling behavior of people. 


SOME PERSONALITY CORRELATES OF DECISION MAKING 


UNDER CONDITIONS OF RISK' 


by Alvin Scodel, Philburn Ratoosh.and J. Sayer Minas 


Ohio State University 


HAT individual behavior in decision- 
making situations is highly variable is a 
fact that plagues experimenters in this area. 
Yet curiously, decision theorists are much 
more strongly inclined to predict, albeit 
grossly, some kind of average behavior than 
they are to account for variability. For- 
mally inclined investigators begin with nor- 
mative notions, e.g., the maximization of 
expected utility, and concern themselves 
principally with attempting to explain why 
the behavior of experimental subjects devi- 
ates from these norms. The principal diffi- 
culty involved in making assumptions of 
this kind is that these assumptions involve 
a product of subjective probability and 
utility and that neither the subjectively held 
probability nor the utility of any choice is 
usually known. Consider two simplifying 
assumptions: (a) subjective or psychological 
probability is equal to mathematical or 
objective probability; (b) utility is a linear 
function of money (or whatever is involved 
in the choices). If both assumptions are 
'This research was supported in whole or in 
part by the United States Air Force under Con- 
tract No. AF49(638)-317 monitored by the AF 
Office of Scientific Research of the Air Research 
and Development Command. The experimental 
work reported here was initiated while the authors 
were participants in the Behavioral Science 
Conference held at the University of New Mexico, 
Summer, 1957, under Project AF49(638)-33 spon- 
sored by the Behavioral Science Division, Air 
Force Office of Scientific Research, ARDC, Pro- 
fessor Paul A. F. Walter, principal investigator. 
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made, it becomes very easy to construct a 
theoretical formulation for predicting de- 
cision making in general. Unfortunately, 
models utilizing both assumptions are ex- 
tremely poor in making predictions about 
the way persons actually behave in risk- 
taking situations. 

If we assume (a), we can experimentally 
determine the function relating utility and 
money; if we assume (b), we can experi- 
mentally determine the function relating 
subjective and objective probability. Von 
Neumann and Morgenstern (13) by assum- 
ing (a) develop a program for measuring 
utility. 

Mosteller and Nogee (12), following the 
von Neumann and Morgenstern program, 
studied risk taking in two groups of subjects 
—nine Harvard undergraduates and five 
members of the Massachusetts National 
Guard—in a modified poker dice game. Each 
subject was given the choice of accepting or 
rejecting a bet whose payoff was indicated 
on a card. After initial sessions probabilities 
and mathematically fair payoffs were re- 
vealed to the subjects, who then had that 
information available for the remaining ex- 
perimental sessions. Although there were 
large differences within groups, for the two 
lowest. probability-highest payoff bets, as 
computed from indifference points on utility 
curves, every student demanded more than 
a fair payoff and every National Guardsman 
required less. 
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McGlothlin (11) analyzed bets on horse 
races and discovered that bets whose ex- 
pected dollar value is low are more accept- 

_able when the associated probability is low 
with high payoff than when the associated 
probability is high with low payoff. 

In a series of studies of risk taking Ed- 
wards (4, 5, 6, 7) found inter alia that 
(1) subjects have preferences either for low 
or for high probability bets, when expected 
dollar values are equal, depending on ex- 
perimental conditions, (2) subjects prefer a 
probability of one-half to one of three- 
fourths when the expected dollar values are 
the same and (3) probability preferences 
play a major role in influencing choices even 
when expected values vary. 

Davidson, Suppes and Siegel (3) by an 
ingenious technique that avoids any arbi- 
trary assumption about the relation between 
subjective and objective probability made 
experimental determinations of utility func- 
tions. Although most of their subjects be- 
haved as if they were attempting to maxi- 
mize expected utility, four of 19 did not. 

When individual differences are found as 
great as those in the above studies, it seems 
expedient to examine the influence of per- 
sonality variables. Personality theorists who 
study risk-taking behavior are wont to 
eschew formal models entailing the maximi- 
zation of utility as an explanatory principle; 
they prefer to attempt to correlate differ- 
ences in risk taking with personality vari- 
ables. It seems to us that substantial prog- 
ress in this area can be attained only when 
personality variables are explicitly incor- 
porated in a theoretical model. The purpose 
of the present experiment is to provide data 
that will make a start in this direction 
possible. 

METHOD 


Twenty-eight Air Force enlisted men and 
34 college students served as subjects in the 
present study. The age range of the enlisted 
men, obtained from Kirtland Field, Albu- 
querque, New Mexico, was 18 to 38 with a 
median age of 21. Their ranks ranged from 
Airman Third Class to Master Sergeant. 
The age range of the college sample was 18 
to 35 with a median age of 20. Eight were 


obtained from summer session classes at the 
University of New Mexico and the remain- 
ing 26 from an introductory psychology class 
at The Ohio State University. 

The following procedures were admin- 
istered to each subject in the order men- 
tioned. 

1. An opinion questionnaire. 

2. A risk-taking situation. 

3. A measure of intelligence (the Wechsler 

Vocabulary sub-test, Form I). 


4. The Thematic Apperception Test 
(TAT), cards 1, 4,6BM, 7BM, 8BM, 
14, 13MF. 

5. The Allport-Vernon-Lindzey Study of 
Values. 

6. The Hope for Success—Fear of Failure 
Test. 


The first procedure, the opinion question- 
naire, was administered before the _risk- 
taking situation since we thought that the 
risk-taking situation might have produced 
some awareness of the variables under con- 
sideration in the questionnaire, whereas it 
seemed doubtful that the sequence used 
could lead to an awareness of any possible 
relationship between the two measures. 

The instructions for the risk-taking situa- 
tion were as follows: 

“You are going to play dice. You can’t 
lose any money, but you have a very good 
chance to make some. I’m going to give you 
$10.00 to play with. You are going to throw 
the dice 50 times. Before you throw each 
time, you tell me two things. The first thing 
is how much you want to bet, and that will 
be either 15 cents or 30 cents. The second 
thing you tell me is your choice of bet. 
There are nine possible bets you can make. 
(At this point the payoff matrix, Table 1, 
was presented to the subject. It was left in 
view of the subject during the experimental 
session.) In these two rows you can see how 
much we will give you in addition to your 
bet if you win. If you lose, you lose the 
amount of your bet, that is, 15 cents or 30 
cents. Now look at the last row. These are 
the real odds as computed by statisticians 
for any of the bets you make. For example, 
if you choose bet B, a 7, the chances are one 
in six of making it. The reason for this is 
that with the two dice there are 36 possible 
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2 - TABLE 1 
Tue Payorr Matrix 
, . aaa | B | c D E F G H I 
4 Wins on 3 ae | 9’ 12 56 180 1821S 1S 
- | | 10 8, 9 8, 10, 5, 6, 7, 
| | | 12 10, 11, 
| | 12 
15¢ pays | 2.75 75 | 1.15 4.95 45 .35 .05 15 10 
30¢ pays | 5.50 | 1.50 | 2.30 | 9.90 .90 .70 10 30 .20 
T ‘ Chances | lin 18 lin6 | lind lin 36 | lin4 | lin3 2 in 3 lin2 3 in 4 
: | combinations and there are six ways to make ask subjects to risk their own money. Even 
’ } a7. (At this point the example was elabo- if we had made up losses at the end of the 
f rated, and other examples were given to game, many subjects would probably have 
| elarify the nature of the odds.) If you like, refused to participate in the absence of such 
. you can check this now, or you can take my knowledge. Undoubtedly, risk-taking be- 
word for it. (In no instance were the objec- havior is different when the resources are 
7 tive probabilities disputed.) supplied by another person. Although we 
3 “This is what you win at the end of the cannot refute this objection, the results to be 
. game. At the end of the 50 throws, if you discussed make it clear that many subjects 
d have $10.00 or less, you keep ten per cent of play conservatively even when they are not 
" that amount. For example, if you end with supplying their own money. Moreover, all 
$9.00, you keep 90 cents. If you end with subjects apparently construed the betting 
d more than $10.00, you keep $1.00 plus half procedure as a life-like gambling situation. 
a of everything over $10.00. For example, if Of the nine alternative bets, the amount 
) you end with $13.00, you will have %2.50 bet being disregarded, three have positive 
: profit.”’ expected value (A, F and /), three have 
Actual wins in the two groups ranged negative expected value (C, D and @), and 
" from nothing (two subjects exhausted their three have zero expected value. For example, 
d resources before the 50 trials) to $24.00. if the 30 cent A bet had zero expected value, 
a There was no attempt to manipulate out- it would pay $5.10 (in addition to the 30 
comes experimentally; they were determined cents staked). Actually, it paid $5.50 in 
‘ entirely by chance. The effects of success addition to the stake. If the 30 cent C bet 
et and failure on subsequent bets might obvi- had zero expected value, it would pay $2.40 
1 ously be appreciable. In our study, however, whereas it paid $2.30 and, therefore, had 
d any rigging of the game could easily have negative expected value for the player. The 
t. been suspected by the military subjects. B, E and H bets paid precisely what they 
ng Many of them lived in the same barracks would in a completely fair game. This choice 
, and a certain amount of comparing of notes of payoffs, then, allows some inferences re- 
w was inevitable. However, Edwards (7) has garding preferences for certain expected 
3 presented data which indicate that betting values as contrasted with preferences for 
- behavior changes less when the subject is payoffs and probabilities on the assumption 
. winning than when he is losing. Presumably that probabilities and utilities are inde- 
e the greater variance is produced by the sub- _ pendent. 
0 Ject’s effort to get even. Despite such pos- Several intriguing problems are raised by 
ts sible effects, the same objection can be the payoff matrix. For example the 30 cent 
ce leveled against the traditional level of aspira- J bet has a positive expected value of 714 
i tion situation in which success and failure cents. Thus, a player who took this bet on 
e, can also affect subsequent behavior. each of the 50 trials might expect, on the 
7 Another difficulty was that our subjects average, to win $3.75. (In our procedure, 
18 were more or less randomly selected within this would be $1.00 plus half of $3.75.) On 
le each group, and we were therefore unable to the other hand, a player who hoped to win 
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a relatively large sum of money, say $10.00, 
would have a higher probability of winning 
at least this amount if he played the 30 cent 
D bet frequently even though this bet has 
negative expected value. We may interpret, 
then, a preference for the D bet to be evi- 
dence of a utility function that is concave 
upward under the assumption that the ob- 
jective and subjective probabilities are equal. 

It should be noted that subjects were 
given the objective probabilities in this 
experiment. Not only were these given 
orally in the course of the instructions, but 
they also appeared at the bottom of the 
payoff matrix for the subjects to observe 
during the course of the experiment. We 
made no attempt, however, to instruct sub- 
jects how to compute expected value al- 
though all the relevant information was 
available. to them if they wished to do so. 
Such instructions would have introduced 
another variable—the effects of the per- 
ceived authority of the experimenter on risk 
taking—and it was our intention to keep 
the situation as much of a one-person game 
as possible. 


RESULTS 


Group differences. Before we present de- 
tailed probability-payoff preferences for the 
two groups, it is pertinent to point out that, 
as a group, the military subjects were much 
more inclined to select low probability-high 
payoff bets. For the sake of brevity we will 
refer to high and low payoff bets, but it 
should be kept in mind that under the condi- 
tions of this experiment, there is no way of 
dissociating probability preferences from 
payoff preferences. In life low probability is 
usually associated with high payoff, and 
vice versa, but, conceivably, some people 
might prefer certain probabilities regardless 
of payoff and, conversely, some might select 
particular payoffs independent of their sub- 
jective or objective probabilities. 

The method chosen to categorize degree 
of risk taking utilized the maximum possible 
payoff for each subject. That is, bets were 
summed as if each of the 50 bets had a 
favorable outcome. If a subject, for example, 
played 30 cents on the B or 7 bet on each of 
the 50 trials, his maximum possible payoff 


would be $75.00 (1.50 times 50). Two sub- , 


jects, one in each group, exhausted their 
money before 50 trials were completed and 
their maximum possible payoffs were pro- 
rated. 

The maximum possible payoff ranged from 
$13.05 to $495.00 in the military group and 
$8.70 to $327.00 in the college group. The 
medians were $72.55 and $41.35, respec- 
tively. The median test yielded a chi-square 
of 6.51 (p = .01). 

The frequencies of bets among the nine 
alternative probabilities are given in Ta- 
ble 2. 

Median tests were computed for each bet. 
The military group had more B bets (chi- 
square = 4.99, p < .05) and more D bets 
(chi-square = 7.54, p < .01). The college 
group had more / bets (chi-square = 6.93, 
p < .01) and more H bets (chi-square = 
3.46, p < .07). 

Several inferences can be drawn from 
these data. One is that in both groups the 
preferences for bets seem to be independent 
of the expected value of the bets. That is, 
the group differences cannot be attributed 
to a disposition on the part of college sub- 
jects to choose bets with positive expected 
values more than the military group. 

It is true that the college group had more 
I bets and fewer D bets than the military 
group. On the other hand, the college group 
made more G bets, a patently foolish risk if 
the subject wishes to maximize monetary 
return since this bet has an objective proba- 
bility smaller than the J bet but pays less. 
Moreover, the college group had fewer A 
bets and more C bets though these bets have 
positive and negative expected value, re- 
spectively. The three bets with positive 
expected value total 31% of the total num- 
ber of bets for the military group and 43% 
for the college group. This difference of 12% 
might be considered indicative of a tendency 
to maximize positive expected value in the 
college group except for two facts. First, 
fewer than half of the bets in the college 
group (43%) are bets with positive expected 
value. Second, the percentage of bets with 
negative expected value is almost identical 
for the two groups (23% for the military 
group and 19% for the college group). 
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TABLE 2 
FREQUENCIES OF BETS FOR MILITARY AND COLLEGE SUBJECTS 

eee A B € D E F G H I 
College (N = 34) 

Total 76 220 155 113 202 352 58 216 311 

Mean 2.24 6.47 4.56 3.32 5.94] 10.35; 1.71 6.35 9.15 

Median 1 4 1 1 4 | 0 4 1 
Military (N = 28) 

Total 120 329 113 188 165 216 21 144 87 

Mean 4.29 | 11.75 4.04 6.71 5.89 7.71 75 5.14 3.11 

Median 1 8 1 3 3 5 0 2 0 




















The group difference is most readily ex- 
plained by the greater “conservatism” of the 
college group, i.e., the tendency to select low 
payoff bets. The college group selected more 
often the five bets with the lowest payoff 
(E, F, G, H and J). Of these bets two have 
positive expective value, two have zero 
expected value and one has negative ex- 
pected value. Of the four bets with the 
highest payoff (A, B, C and D) the military 
group selected three more often. The one 
high payoff bet selected more often by the 
college group (C) has negative expected 
value. How much the expected values of the 
bets would have to be changed in order to 
influence betting preferences is an empirical 
matter still to be investigated, but within 
the limits of our investigation expected 
value appears to be a negligible factor in 
determining such preferences. 

One explanation of the pronounced differ- 
ences in risk taking between the two groups 
is that college students place greater utility 
in winning per se. Instead of being concerned 
only with payoff, they prefer bets that 
enable them to win frequently even though 
the payoffs may be small. Certainly, it is 
credible to expect this kind of value orienta- 
tion to be more prevalent in a middle-class 
population. ; 

Differences between high and low payoff 
getters. The method for determining maxi- 
mum possible payoff for each subject has 
already been described. The two groups of 
prricets were combined, and the upper and 
ower quartiles (16 in each) were designated 
as high and low payoff betters. In the high 
payoff group there were 10 military subjects 
and six college subjects, in the low payoff 
group 12 college subjects and four military 


subjects. The payoff ranges for the low and 
high groups were $9.70-$35.20 and $92.60- 
$495.00, respectively. Subsequent results, 
except when noted, refer to the high and low 
payoff groups. 

Opinion questionnaire. The purpose of 

this questionnaire was to classify subjects on 
a continuum characterized at one end by an 
attitude of fatalism and resignation and at 
the other by a belief in one’s capacities as a 
way of influencing reality. Thirty items were 
constructed. Characteristic items were “It is 
impossible to know what the future holds in 
store for us,” “Almost all accidents could be 
avoided,” and “There is no such thing as 
free will.’ The 30 items were alternated with 
30 buffer items in order to disguise the pur- 
pose of the questionnaire. The questionnaire 
was of the Likert type; six possible responses 
ranged from —3 to +3 with no neutral 
category. 
. The results were negative. Only one item 
discriminated at better than the .05 level. 
(‘There is no such thing as free will’ was 
denied more by the high payoff group.) 

Intelligence. The Wechsler Vocabulary 
sub-test, which correlates .85 with the total 
scale, was used as a measure of intelligence. 
The mean weighted score was 12.81 for the 
low payoff group and 11.72 for the high 
payoff group. A Mann-Whitney test yielded 
a U value of 88.5, which is not significant. 

The sample of 62 subjects was then di- 
vided into upper and lower quartiles with 
respect to variability. The measure of vari- 
ability was the coefficient of variation; that 
is, a standard deviation was computed for 
each subject’s 50 maximum possible pay- 
offs, and this figure was divided by the mean 
of these payoffs. The subjects were ranked 
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with respect to coefficient of variation, and 
a Mann-Whitney test was applied to the 
intelligence scores of the 16 highest and 
16 lowest. The U value is 74.5, which is 
significant at the .05 level of confidence. 
It should be noted that, inasmuch as the 
college group had higher Wechsler scores, 
as might be expected, this difference might 
be attributed to the greater number of low 
variability subjects in the college group. 
Actually, this is not the case. Of 16 subjects 
in each group, 11 college subjects were in 
the high variability group and seven college 
subjects in the low variability group. 

Our conclusions, then, is that intelligence 
is not related to degree of risk taking per se 
but is inversely related to variability in risk 
taking. One tentative explanation for this 
result is that the brighter person tends to 
fix on a particular strategy and reasons that, 
if the strategy is good in one situation, it 
will be good in similar situations. The less 
bright person may evolve no particular 
strategy and will therefore make choices in 
either a random manner or, what is even 
more likely, a manner that is determined by 
previous outcomes. We certainly would not 
wish to extend this explanation to the usual 
problem-solving situation in which the num- 
ber of hypotheses is usually regarded as an 
index of creativity. The difference in the 
two kinds of situations is that in a risk-taking 
situation of the type we employed, all the 
relevant information is available at the 
beginning, and improved performance based 
on learning is not possible. The subject who 
attempts to use his experiences in the situa- 
tion to make predictions of future outcomes 
will, in a probabilistic sense, be worse off 
than the subject who utilizes only that infor- 
mation given to him at the beginning. In the 
usual problem-solving situation a change in 
behavior as a function of experience is almost 
always indispensable to the solution of the 
problem. 

Howe for success-fear of failure test. 
This quasi-projective test, originally used by 
French (8) to measure needs for achievement 
and affiliation and modified by Willerman, 
Lewit and Tellegen (14) to measure hope for 


success (HS) and fear of failure (FF), con- 
sists of items that briefly describe a person’s 
behavior. Underneath each item is a list of 
either two or three reasons for the behavior. 
The subject’s task is to check what he be- 
lieves to be the most common reason for the 
behavior mentioned in the item. For ex- 
ample, a typical item reads, 

“P. K. feels upset if anyone criticizes or 

blames him because . . .” 

(a). “He is pretty convinced that once 
he does things he does them 
right. 

(b). He has worked hard in order to 
prevent just this kind of fail- 
ure.” 

A selection of the first response indicates 
HS, of the second FF. Data presented by 
Willerman, Lewit and Tellegen (14) suggest 
that subjects high on FF have a greater 
need for success than subjects high on HS. 
In our experiment, then, we would expect 
low payoff subjects to be higher on FF. 

A score on the test is obtained by sub- 
tracting the number of FF responses from 
the number of HS responses. The mean 
score for the high payoff group was 4.38 and 
for the low payoff group 1.31. However, 
since both distributions deviated from nor- 
mality, a U test was performed. The U value 
of 75.5 is significant at the .05 level of 
confidence. 

Allport-Vernon-Lindzey study of values. 
In view of the high level of general informa- 
tion and verbal facility assumed by this 
test, it was administered only to the college 
group. The scores for the six values in Table 
3 represent the high and low quartiles in 
payoff within the college group (nine in 
each). 

Only the difference on the theoretical 
value is significant. However, the differ- 
ences on the other scales, though not sig- 
nificant, are still suggestive. It must be 
noted, of course, that scores on this test are 
not independent. That is, all scores must 
sum to 240 so that high scores on particular 
scales necessarily mean lower scores on 
others. In any case the high payoff pattern 
suggests more unconventionality, more 
concern with the pursuit of knowledge as 
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TABLE 3 
ALLPORT-VERNON-LINDZEY Scores oF HicH aNp Low Payorr SuBJEcTs 1N COLLEGE GROUP 
Theoretical Economic Aesthetic Social Political Religious 
High Payoff (N = 9) 
Mean 51.11 40.39 36.33 33.83 38.89 39.44 
SD 6.44 12.46 6.63 5.35 7.07 12.41 
Low Payoff (N = 9) 
Mean 40.66 44.67 32.55 37.89 43.89 40.33 
SD 6.13 9.87 6.34 5.89 5.64 7.02 
t 3.32° .78 1.16 1.45 1.55 15 























* Sig. at .01 level. 


such and less concern with people in either 
an altruistic or manipulative sense. 

In this connection a recent study by 
Conger, Gaskill, Glad, Rainey, Sawrey and 
Turrell (2) on the characteristics of auto- 
mobile drivers with a high accident rate 
obtained similar though not identical results 
on this measure. As compared to moderate- 
and no-accident groups, the high-accident 
drivers were lower on the Religious and 
higher on the Theoretical and Aesthetic 
values. If high-accident drivers can be re- 
garded as similar to our high payoff group 
in the sense that both groups represent high 
risk takers, a common factor of unconven- 
tionality or, stronger still, alienation from 
middle-class values begins to emerge. 

Thematic Apperception Test. Seven TAT 
cards (1, 4,6BM, 7BM, 8BM, 14 and 13MF) 
were used to investigate achievement (n 
ach), dependency, press dominance and the 
nature of heterosexual relationships. With 
the exception of n ach no differences were 
found between the high and low payoff 
groups. Achievement in the present study 
was defined as the concern with either voca- 
tional success, job performance, status 
symbols or money as the road to success. 
Achievement was measured as either present 
or absent in any story so that the range of 
possible scores for any subject was zero to 
seven. In general, the scoring of n ach in a 
story fulfilled the three criteria listed by 
McClelland, Atkinson, Clark and Lowell 
(10) for Achievement Imagery although 
some cases of Doubtful Achievement Im- 
agery were also included. Three judges inde- 
pendently scored the protocols of all 62 sub- 


jects. A sample of 14 protocols (98 stories) 
produced percentages of agreement exceed- 
ing 90% for all three comparisons of judges. 
Accordingly, the ratings of one of the judges 
were arbitrarily selected as the basis for 
comparison between the high and low pay- 
off groups. 

The mean n ach scores were .88 for the 
high payoff group and 1.81 for the low payoff 
group; again, however, because of the skew- 
ness of the distributions, a U test was ap- 
plied. The U value of 70.5 is significant at 
the .05 level of confidence; more achieve- 
ment themes were given by the low payoff 
group. 

The data on n ach were analyzed in 
another manner. Atkinson (1) reported that 
persons high on n ach more often prefer 
intermediate probabilities to extreme prob- 
abilities than do persons low in n ach. The 
total group of 62 in the present sample was 
trichotomized into those with two or more 
achievement themes (N = 21), one achieve- 
ment theme (N = 24) and no achievement 
themes (N = 17). The two extreme groups 
were then checked for modal bets. A subject 
was assigned to an intermediate probability 
preference group if his modal bet was E, F 
or H and to an extreme probability prefer- 
ence group if his modal bet was A, C, D or J. 
(Those whose modal bet was B were arbi- 
trarily excluded because of lack of agreement 
as to whether this bet represented an inter- 
mediate or extreme probability preference 
under the conditions of this experiment; no 
S had G as a modal bet.) Nine in the low 
group had an extreme preference and five 
an intermediate preference; in the high 
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group five had an extreme preference and 13 
an intermediate preference. The resulting 
chi-square of 4.27 is significant at the .05 
level. These data, then, corroborate Atkin- 
son’s finding and also provide some indirect 
support for our rather crude measure of 
n ach, 


DISCUSSION 


The present results are not completely 
consistent with the model presented by 
Atkinson (1). Our high and low payoff 
groups do not coincide with groups in which 
the choices are either extreme or intermedi- 
ate. The high payoff group excludes subjects 
who select ‘‘safe’’ bets, and the low payoff 
group, with but a few exceptions, is com- 
prised of subjects whose bets were a mixture 
of intermediate probabilities (HZ, F, and H) 
and extremely high probabilities (@ and /). 
Nonetheless, since all persons in the high 
payoff group chose extreme probabilities, 
they should, according to the model, be a 
more fearful group and more anxious about 
failure. Although the results on n ach are 
consistent, the high payoff group scores 
lower on fear of failure on the Willerman 
measure than does the low payoff group. 
Persons high on fear of failure should be low 
on n ach and should avoid intermediate 
probabilities. 

Our explanation must be regarded as 
tentative. We hypothesize that low payoff 
subjects take moderate or cautious risks 
because of a stronger internalization of 
middle-class values. Their value system 
derogates failure and places a high premium 
on successes, but successes must be small. 
Small successes not only enable them to 
avoid failure but insure a certain feeling of 
safeness or lack of deviance. Stated another 
way, they are a more other-directed group. 

Some indirect support for such an explana- 
tion has been obtained from the behavior of 
eight first-year graduate students in mathe- 
matics in the risk-taking situation. The 
sample is small, of course, but the results 
suffice to point up some interesting leads for 
further research in this area. These subjects 
were selected for several reasons. First, they 


are ostensibly theoretically oriented rather 
than person-oriented, and, accordingly, 
their value-system should be somewhat 
similar to that of our high payoff group. 
Second, they are avowedly engaged in an 
undertaking that calls for exceedingly high 
achievement in an intellectual sense although 
the social evaluation of this achievement 
(at least until recently) is probably not so 
high as it is for other occupations, e.g., 
medicine, entrepreneurship. Third, we were 
curious about the risk-taking preferences of 
a group sophisticated about probabilities. 

Of these eight subjects five would have 
been in our high payoff group according to 
the cut-off points used for the other two 
groups and one would have been in the low 
payoff group. The low payoff subject played 
the J bet on every trial, the bet with the 
highest positive expected value. Six of the 
eight had low variability; this was expected 
in view of the relationship between intelli- 
gence and variability. What is interesting, 
however, is that, if these subjects had chosen 
bets with positive expected value, 7, F and 
A would have been the most frequent bets. 
With the exception of the subject who 
played J invariably, the J bet was not made 
by any other subject. The F bet, the modal 
bet in our other samples, ranked fourth. 
The modal bet was C (negative expected 
value) followed closely by A, and the H bet 
(.56 probability with zero expected value) 
ranked eighth. Even on the basis of this 
limited sample, then, it appears that people 
who are very much aware of objective prob- 
abilities and expected return are governed 
by other considerations in their risk-taking 
preferences. 

As expected, the highest scores for the 
group on the Allport-Vernon-Lindzey were 
on the Theoretical and Aesthetic values 
respectively and the lowest on Economic 
and Religious. On the seven TAT cards only 
one of the eight subjects had more than one 
achievement theme. This points up again 
the disinclination of low achievers to select 
intermediate probabilities since only two of 
the eight selected such probabilities. More- 
over, the results are quite consistent with 
McClelland’s finding (9) that low achievers 
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dislike occupations related to business or 
commerce. 

In general, our total results, though far 
from overwhelming, do point to the impor- 
tance of personality variables in risk taking. 
We conclude not only that theories of risk 
taking that ignore such variables are grossly 
inadequate as models for prediction but that 
many personality correlates of risk-taking 
behavior remain to be discovered. For 
example, one can make out a case for a 
greater prevalence of ethnocentric attitudes 
among low risk takers. Such an hypothesis 
is more than a gratuitous addition to the 
proliferating literature in the areas of 
authoritarianism and prejudice. The hy- 
pothesis is consistent with the value orienta- 
tions of high and low risk takers. There is, 
moreover, a long-standing theory about 
anti-Semitism that asserts that anti-Semites 
view Jews as risk takers, as people who are 
on the fringe of conservative values. It is 
plausible that people with such an attitude 
are low risk takers. Psychological complexity 
is also illustrative of the kind of variable that 
might be related to risk taking. 


SUMMARY 


Formal models of decision making that 
ignore personality variables are inadequate 
for predicting behavior. Our purpose was to 
provide experimental evidence for the 
necessity of incorporating such variables 
into formal models. 

Risk taking was measured in a gambling 
situation in which each subject was required 
to bet on the outcome of the toss of a pair 
of dice 50 times. On each trial the subject 
selected a bet from nine alternative outcomes 
with known objective probabilities but 
different expected values. The subjects, 28 
Air Force enlisted men, 34 college under- 
graduates and eight graduate students in 
mathematics, were given money with which 
to bet and were told that they might keep 
the amount they won. 

The principal results were the following: 
(a) expected dollar value has negligible 
importance in determining betting prefer- 
ences; (b) the military group selected more 
high payoff-low probability bets than the 


college group; (c) intelligence was not 
significantly related to degree of risk taking, 
but was related to variability in risk taking; 
(d) low payoff subjects displayed greater 
fear. of failure as measured by a quasi- 
projective test than high payoff subjects; 
(e) within the college group high payoff 
subjects were higher on the Theoretical and 
Aesthetic values and lower on the Economic, 
Social and Political values of the Allport- 
Vernon-Lindzey Study of Values than the 
low payoff group; (f) the low payoff group 
was higher on need achievement as measured 
by TAT stories than the high payoff group; 
(g) subjects high in need achievement 
selected intermediate probabilities more 
often than subjects low on need achieve- 
ment; (h) subjects who are sophisticated 
about probabilities and expected values are 
no more likely to maximize expected dollar 
value than others. 

It was concluded the low payoff betters as 
compared to high payoff betters are a more 
other-directed, more socially assimilated, 
more middle-class oriented group. 
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WD 


The future of America is in the hands of two men—the investi- 
gator and the interpreter. We shall never lack for the administrator, 
the third man needed to complete this trivinity of social servants. 
And we have an ample supply of investigators, but there is a 
shortage of readable and responsible interpreters—men who can 
effectively play mediator between specialist and layman. 

The practical value of every social invention or material dis- 
covery depends upon its being adequately interpreted to the masses. 
Science owes its effective ministry as much to the interpretative 
mind as to the creative mind. The knowledge of mankind is ad- 
vanced by the investigator, but the investigator is not always the 
best interpreter of his discoveries. Rarely, in fact, do the genius 
for exploration and the genius for exposition meet in the same 
mind. Many Negro mammies of the South can make a strawberry 
shortcake that would tempt the appetite of the gods, but they 
might cut sorry figures as domestic science lecturers. The inter- 
preter stands between the layman, whose knowledge of all things 
is indefinite, and the investigator whose knowledge of one thing is 
authoritative. The investigator advances knowledge. The inter- 
preter advances progress. 

History affords abundant evidence that civilization has advanced 
in direct ratio to the efficiency with which the thought of the 
thinkers has been translated into the language of the workers. 
Democracy of politics depends upon democracy of thought. ‘‘When 
the interval between intellectual classes and the practical classes 
is too great,’”’ says Buckle, “the former will possess no influence, 
the latter will reap no benefit.”” A dozen fields of thought are today 
congested with knowledge that the physical and social sciences 
have unearthed, and the whole tone and temper of American life 
can be lifted by putting this knowledge into general circulation. 
But where are the interpreters with the training and the willing- 
ness to think their way through this knowledge and translate it 
into the language of the street? I raise the recruiting trumpet for 
the interpreters. 

—GLENN FRANK, Salesmen of Knowledge. 
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CRITIQUE AND COMMENT 


Pavlov made the Soviet Pantheon. Freud continues to be represented as a 
champion of bourgeois obscurantism. But the outlooks of these two great 
investigators come remarkably close together in many respects. 


PAVLOV, FREUD AND SOVIET PSYCHIATRY 


by Lawrence S. Kubie 


Yale University School of Medicine, College of Physicians and Surgeons of Columbia University, and 


New York Psychoanalytic Institute 


FOREWORD 


7 is not easy to make an accurate apprai- 

sal of the attitude of Soviet psychiatrists 
to current trends in psychiatry. The be- 
havioral scientist in America and England 
is constantly seeking an harmonious inte- 
gration of organic and psychological ap- 
proaches to the causes of psychopatho- 
logical processes, and to their resolution 
(21). The more-or-less official attitude of 
Soviet psychiatrists to these same problems 
seems to contrast sharply with this. The 
attitude to psychoanalysis is one indicator 
of their position, but not its sole manifesta- 
tion. In seeking to explore these attitudes 
we have had to depend chiefly on accounts 
by the few informed psychiatrists who have 
travelled in Russia and talked to Russian 
psychiatrists there, plus our own opportuni- 
ties to talk to Russian psychiatrists in 
Western Europe towards the end of the 
war, and more recently in this country, 
many of these interchanges requiring the 
intermediation of a translator. The author 
of this paper is depending on notes made 
during the course of several such encounters, 
and upon a recent article written by Fedotov 
(2), the reply by Reider (31), and the book 
on psychology in the Soviet Union (32) 
which has recently been published. The 
latter confirms an impression that the 
Russians still think of the physiological 
and psychological approaches as irreconcil- 
able, instead of as bands on a continuous 
spectrum. 


NTS 


Thus the bibliographical references in 
that volume contain no reference to psycho- 
analytic articles or writers: neither those 
which have been translated and which are 
listed at the foot of each page, nor those 
which are available only in Russian and 
which are listed in the bibliography at the 
end of the volume. Almost the only non- 
Russians listed in either bibliography are 
those who translated the work of Russian 
writers into other languages. The exceptions 
are J. B. Watson, Clark L. Hull, Marx, 
Engels, and one reference in a footnote to 
Kazanin’s book on Language and Thought 
in Schizophrenia, which is characterized as a 
popularization of the experimental work of 
Vigotsky. There are, however, references to 
and quotations from Lenin’s pronounce- 
ments on the nature of matter and of sensa- 
tion. In a chapter summarizing the 14th 
International Congress of Psychology which 
was held in Montreal, the works of some 
non-Russian contributors are listed briefly. 

In the text of the volume there is one 
direct reference to psychoanalysis and its 
concepts. On page 5, psychoanalysis is 
characterized as a psychological system 
which “tends to reduce all human behavior 
to dark, inexplicable, biological urges ex- 
pressed through the unconscious.” Each 
word in this statement is inaccurate. It 
would have been accurate to say that 
analysis finds unconscious components 
among the determinants of most behavior. 
Yet to call these ‘inexplicable’ would still 
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be inaccurate. Furthermore, it seems 
strangely inconsistent that a Russian, with 
his presumptive biological emphasis, should 
criticize psychoanalysis on the grounds that 
its emphasis on the biological determinants 
of behavior “reduces behavior to dark 
biological urges.” 

The chapter on the formation of associa- 
tive connections contains no reference to 
free associations. The chapter on the theory 
of memory does not refer to its selectivity, 
to duration, to the distinction between 
recording and ease or difficulty of recall, 
to the inseparable problem of forgetting, or 
to the play of emotional determinants in 
all of the multiple phenomena of memory. 

Repeatedly throughout the book con- 
sciousness is identified with the process of 
verbalization, precisely as Watson tried 
unsuccessfully to do many years ago. The 
use of the concept of automatic (viz., uncon- 
scious) behavior corresponds roughly to 
that which analysts would call preconscious. 
There is much confused debate over whether 
such behavior is under any directional 
control, or whether by “automatic” one 
must imply free-of-any controls. There is 
no recognition of the difference between 
preconscious and unconscious, although 
the problem of accessibility to consciousness 
is referred to on one or two occasions. In 
short one comes reluctantly to the conclu- 
sion that many of the most important and 
difficult issues in human psychology are 
evaded by the simple device of not even 
mentioning them. 

Thus insofar as Soviet Psychiatry takes 
any attitude towards psychoanalysis, one 
can say that it is one of hostile depreciation. 
Their position purports to derive from the 
data and work of Pavlov; yet the arguments 
which are advanced betray many elemen- 
tary misconceptions not only about analysis 
and analysts, but surprisingly enough about 
Pavlovian psychophysiology and psychology 
as well. Moreover, the Soviet writers make 
no reference to the series of careful studies 
of the areas of agreement and of disagree- 
ment between Pavlov and Freud which have 
appeared since 1930: (1, 3, 4, 5, 6, 7, 9, 
10, 11, 12, 16, 21, 22, 23, 24, 25, 26, 27). In 
these studies certain basic facts emerge. 


S. KuBIE 


Areas of agreement between Pavlov and 
Freud 


(1) As is true of all creative minds Pavloy’s 
own point of view evolved and changed with 
the years to such an extent that were he 
alive today he would not be in accord with 
the present attitude of Soviet psychiatrists 
towards psychoanalytic theory and tech- 
nique. It is true that at the start Pavloy 
had exacted fines from any student in his 
laboratory who used such words as “con- 
scious” or “voluntary.” Only a few years 
later, however, he found not only that he 
had to use these terms himself, but that he 
had also to make a differentiation between 
conscious and unconscious psychological 
processes. He discussed how the one can 
influence the other; and he wrote of those 
“favorable conditions under which the 
unconscious synthesis may enter the con- 
scious field.” Anyone who deals with the 
problems of behavior in such terms as these 
is thinking psychoanalytically, by whatever 
name he chooses to call it. To this evolution 
of Pavlov’s thinking there is an illuminating 
parallel in the development of Watsonian 
Behavorism. In his early days Watson 
would not use the words “Conscious” and 
“Unconscious.” In a later period he found 
himself forced to use ‘Verbalized’ and 
“Unverbalized” as equivalent terms (10, 12, 
28, 29, 30). 

(2) Furthermore, Pavlov explored the 
occurrence of mutual interference among 
concurrent mechanisms. He wrote of the 
mode and role of conflict among various 
conditioned and unconditioned reflexes, and 
of the corresponding conflicts among deriva- 
tive psychological states. Here again he 
was thinking and writing in terms which 
parallel psychoanalytic data. 

(3) Pavlov and Freud approached all 
problems of behavior and of psychology from 
a biogenetic basis. This is an important 
bridge between the two. Yet Soviet psychia- 
trists seem to be unaware of it; misled per- 
haps by the fact that the investigator of 
conditioned reflexes and the psychoanalyst 
work at different levels of the continuum 
called “Behavior.” At these different levels 
the method of study and the criteria of 
validity and of prediction must differ (15, 
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17); but the study of no level of integration 
can replace or make unnecessary the study 
of other levels. In all integrative hierarchies, 
science must investigate every level, con- 
fident that in the course of time they will 
converge to illuminate one another (16). 
Therefore, there is nothing inconsistent in 
the study of such neurophysiological mech- 
anisms as the conditioned reflex, and the 
study of those psychological phenomena to 
which the conditioned reflex makes a vital 
contribution. 

(4) Both Freud and Pavlov made use of 
techniques of sampling under conditions 
the constancy of which is maintained care- 
fully, so as to control all variables except 
those whose changes are to be studied. In 
Pavlov’s work the sampling device is the 
conditioned reflex under the constant condi- 
tions of the laboratory. In psychoanalysis the 
sampling device is the technique of free 
association under the constant conditions 
of the analytic procedure. How constancy of 
extrinsic variables is achieved in psycho- 
analysis has been fully described in certain 
technical studies (15, 17, 18). 

(5) Finally, it has been shown that the 
psychoanalytic technique of free association 
is actually the mirror image of the condi- 
tioned reflex itself (9). 

Each of these five points involves complex 
technical issues which are developed in de- 
tail in the appended references. They indi- 
cate that although there are differences, 
there are no irreconcilable conflicts between 
these two systems for the exploration of 
behavior. Concurrently they are making 
fruitful contributions to our understanding 
of human psychology and its aberrations. 
Therefore it is regrettable that Soviet 
psychiatrists seem still to be unaware of the 
studies which have built a bridge between 
them. It is further regrettable that their 
misinformation about and misconceptions 
of analysis are so elementary, as Reider has 
shown (31, v.7. Epilogue). 

A consideration of the philosophy and 
methodology of scientific development gives 
further support to my argument that these 
two disciplines are mutually supplemen- 
tary and not opposed. Thus it is an obvious 
fallacy to maintain that to study the proper- 


ties of hydrogen and oxygen is irreconcilable 
with a study of the properties of water; 
merely because we cannot as yet predict all 
of the properties of water from the proper- 
ties of its components. What one can say is 
that in the meantime it is essential for the 
investigator at each level to understand the 
work of others, to search out their implica- 
tions for his own, and above all never to 
misrepresent the work of others for the 
empty satisfaction of attacking his own 
misconceptions. Yet this is what many Soviet 
psychiatrists are doing today in their criti- 
cisms of what they mistakenly believe psy- 
choanalysis to be. 

If he wanted to engage in this kind of 
useless interdisciplinary warfare, the psy- 
choanalyst could point out many limitations 
to the relevance of the conditioned reflex to 
human psychology. Thus the conditioned 
reflex is operative only when conditioned 
and unconditioned stimuli are separated by 
relatively brief intervals of time, intervals 
measurable in seconds and minutes. Human 
mental processes on the other hand can bind 
gaps in time and space that span both oceans 
and years. Similarly the conditioned reflex 
plays only a minor role in the development 
and function of symbolic processes, which 
are man’s most unique trait. To the analyst, 
however, it is of less value to emphasize the 
limitations of the conditioned reflex than 
its contributions. He wishes that a similar 
attitude towards psychoanalysis would pre- 
vail in Russia. 


Reasons for bias 


There may be reasons for this bias, the 
origins of which are not scientific. In fact, 
underlying this needless controversy is an 
array of sociological, ideological and econo- 
mic issues, which should play no role in 
arguments about scientific problems. Indeed, 
their intrusion always weights the scales with 
irrelevant considerations. Not long ago 
extraneous ideological considerations threat- 
ened to distort the work of Soviet geneti- 
cists. In psychiatry similar extraneous 
considerations based on a series of erroneous 
assumptions are injected into this discussion. 

(a) One such assumption is that psycho- 
analysis attempts to make people accept 
without protest or concern the existing 
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inequities of any given social, cultural, or 
economic system. The invalidity of this 
charge has been demonstrated in detail on 
other occasions (13, 14). Actually it is 
wholly unfounded. The goal of analysis is 
to emancipate a man from his enslavement 
to those unconscious mechanisms over 
which he has no voluntary control, pre- 
cisely because they are unconscious. This 
frees him from the dominion of automatic 
repetitive mechanisms, whether compulsive 
or phobic. The man who is psychologically 
free in this specific sense is not afraid to 
fight and sacrifice for human betterment. 
Nor is he on the other hand an automaton 
under the dominion of his own unconscious. 
Therefore he is not blindly conformist, 
blindly enslaved, nor blindly rebellious. He 
is not readily subjugated by any form of 
party-line thinking, whether economic, poli- 
tical, religious or scientific (19, 20). A 
psychologically healthy man accepts dicta- 
tion from no one. Can it be an accident 
therefore that the two human institutions 
whose opposition to psychoanalysis has been 
most bitter have been the most authoritar- 
ian of all churches* and the most authori- 
tarian of all politico-economic systems? And 
is it not likely that the misinformation and 
ignorance which is manifested in such state- 
ments as those of Fedotov (2) have their 
origins in bias? 

(b) The psychoanalyst can study and 
treat only a few people at a time. Therefore 
his use of his technique constitutes at best a 
pilot demonstration of methods which can 
lead gradually to prevention, but which can 
never hope to be used as a mass cure-all. 
Those who want rapid mass cures will be 
impatient of the slow and humble methods 
by which analysis has acquired microscopic 
data on the neurotic process. In the early 
years of psychoanalytic history, because it 
could gain no official acceptance in teaching 
hospitals or medical schools (and for other 


* Lest this be misunderstood and misquoted I 
would point out that the Roman Catholic attitude 
to psychoanalysis while wary is not officially 
hostile. Some Catholic dignitaries talk, preach and 
even write as though they expressed an official 
condemnation. They do this without official re- 
proof, but also without official sanction. There are 
Freudian analysts who are devout Catholics. 


reasons as well which are not relevant here), 
most psychoanalytic patients were relatively 
wealthy, or at least comfortably off. Con- 
sequently it is easy to jump to the concelu- 
sion that the’ analyst protects the special 
interests of the wealthy and is blind to 
human suffering and poverty. This fallacy 
has also been fully exposed elsewhere 
(14, 20). 

(c) The data on human life which con- 
fronts the analyst makes it impossible for 
him to make a scapegoat of either poverty 
or wealth, of excessive leisure or fatigue, of 
indolence or overwork. He knows that the 
neurotic process arises out of roots which 
are more universal than any such circum- 
stances. It is clear to him that unhappy life 
situations have many serious secondary 
consequences for the neurotic process; but 
he also knows that they are never its pri- 
mary source (20). 

(d) The analyst has learned to distrust the 
consequence of naked competition for power, 
even more than the consequences of competi- 
tion for wealth. He has come to realize that 
although many of the by-products of the 
struggle for wealth and display denigrate 
human values, these are rarely as brutal or 
as destructive to life and liberty as is the di- 
rect struggle for power. The bread-line is not 
a pretty spectacle; but it is neither as savage 
nor as irreversible as is the mass liquidation 
of those who stand in the way of ambitious 
men who conspire for power. Consequently in 
the present stage of human culture the 
analyst views the struggle for money, in 
spite of its many sordid and neurotic fea- 
tures, as a socially protective device. Money, 
like the policeman, is for the time being a 
necessary if imperfect protection against the 
frailties of man. Although the psychoanalyst 
deplores these frailties and the inequities of 
distribution in which they result, he looks 
upon them as a symptom of human malad- 
justment rather than its cause. Consequently 
he feels that the Utopian expectations of 
those who believe that the elimination of 
competition for wealth and display will 
solve the problem of human neuroses are 
merely an expression of good-hearted na- 
ivete. This skepticism about an assump- 
tion which is basic to orthodox communist 
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philosophy is naturally a challenge which 
the dedicated communist finds disturbing 
and unwelcome (14, 19). 

Lest this argument be taken as an expres- 
sion of blind ideological partisanship, I would 
point out that recently, in a still unpub- 
lished lecture, I discussed before the Ameri- 
can Academy of Arts and Sciences in Boston 
on December 11, 1957, the difficulties and 
possibilities of a truly preventive psychiatry 
(Daedalus in press). In considering this I 
pointed out that human ingenuity has not 
yet succeeded in devising a political, eco- 
nomic, educational, cultural or religious 
system which does not mask, exploit, reward 
and thus intensify the workings of the neu- 
rotic process. I indicated that authoritarian 
forms and democratic forms interact with 
the neurotic process in different ways; but 
that neither is free of guile or responsibility 
with respect to it. Similarly, I stressed the 
fact that despite the differences in the neurot- 
ogenic effects of the Russian and American 
systems, both must devote themselves to 
searching self-examination and self-criticism 
if either is to rid itself of those features 
which are destructive to human values and 
human life. Therefore there is no _ self- 
righteous chauvinistic bias in my pointing 
out that the Soviet view of psychoanalysis 
is warped by ideological refractive errors. 
We have our own refractive errors too; but 
they happen not to be relevant to this 
particular issue. 


EPILOGUE 


In 1935, Dr. Walph W. Gerard (now 
Director of Laboratories in the Mental 
Health Research Institute of the Depart- 
ment of Psychiatry of the University of 
Michigan) was on a trip for the Rockefeller 
Foundation to various European laboratories 
for the study of neurology, 
y and psychiatry. He visited 
laboratories in Leningrad. 
ssing his work on condition- 
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oses” in dogs by presenting 
them with a task of discrimination which was 
too difficult. To Dr. Gerard’s surprise, 
Pavlov said with a twinkle, “Do you know 
that I was led to try these experiments by 


reading some of Freud’s work?” He then 
proceeded to speak of his indebtedness to 
Freud for stimulating his thoughts and his 
experiments into this productive channel, 
and added that he anticipated that deeper 
understanding of behavior would come from 
a fusion of the concepts of the conditioned 
reflex and of psychoanalysis. Subsequently 
Dr. Gerard related this conversation to 
Freud during the course of a visit to him in 
Vienna. Freud was impressed, and then said 
ruefully, “It would have helped if Pavlov 
had stated that publicly a few decades 
ago.” 

My own hope is that this short review of 
the problem may help towards that synthe- 
sis of studies of psychoanalysis and of the 
conditioned reflex, the value of which was 
felt both by Pavlov and by Freud. 
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Current Soviet psychology is rooted in two disciplines: (i) Pavlovian physi- 
ology or psychophysiology, dealing with mechanisms and controls of “‘higher 
nervous activities”, and (ii) psychology proper, dealing with mechanisms and 
controls of mental (conscious) acts that, too, are said to be basically related 
to Pavlov’s doctrines and methods. How successful are these two, brain and 
mind, disciplines in the Soviet Union? Why are there two? Are the Russians 
able to synthesize them? In which are they most advanced and in which 


lagging? And why? 


SOVIET PSYCHOLOGY AND PSYCHOPHYSIOLOGY™ 


by Gregory Razran 


Queens College 


n the summer of 1934 I visited the Soviet 
Union and among other things I tried to 
interview Pavlov. I had just received my 
doctor’s degree, had no appointment with 
Pavlov, but he consented to talk to me in 
his laboratory. The first question he asked 
was, “Are you a_ physiologist?” Sensing 
trouble, I said, ‘‘Unfortunately, I am only 
a psychologist.”” He smiled and said, ‘Are 
you at least a behaviorist?” I said, “I was” 
(at that time I could say it more readily 
than now), and this saved, in part, the 
situation. Pavlov talked to me for about 
three hours, discussing his ape experiments, 
criticising Gestalt psychology and praising 
British associationism and the work of 
Thorndike, Loeb, and Jennings. I could not 
put in a word or question edgewise, he 
never asked me where I learned Russian, 
whether I was of Russian descent; but in the 
course of talking he remembered a review 
on conditioning I had written and remarked 
that we Russians must show the world that 
we can do more than make revolutions. His 
close collaborator and ‘‘aide-de-camp,” M. 
K. Petrova, came in twice, ostensibly 
worried about the length of the interview 
(Pavlov was 85 at the time) and I, too, 
though obviously pleased, became con- 
cerned after a while. Pavlov, however, did 
not seem to heed our ‘‘conditioned” reac- 
* Reprinted by permission from Science, 1958, 

128, 1187-1194. 
' Based on an address delivered at the Social 


Relations Colloquium of Harvard University, 
February 28, 1958. 


tions, continuing his exposition with unusual 
and youthful vigor and lapsing, at one time, 
into a recital of a long passage of ‘“‘Faust”’ to 
illustrate how the laws of conditioning 
operate in verbal associations. He promised 
to have his office send me a pre-published 
report of his ape experiments and several 
other publications which, for some reason, 
I never received. Pavlov died a year and a 
half later. 


GENERAL ORIENTATION 


I am telling you this story, not merely for 
reasons of rhetoric, but as a substantive 
preface to the special state of psychology in 
Soviet Russia—the consideration that no 
meaningful tracing and evaluation of Soviet 
psychology in terms of American psychol- 
ogy is possible without including Pavlovian 
physiology, which we may call psychophys- 
iology but which, as is known, Pavlov 
called for years “higher nervous activity.” 
Let me illustrate. Suppose you take our two 
psychological journals of basic research, The 
Journal of Experimental Psychology and 
The Journal of Comparative and Physio- 
logical Psychology, and ask who in Russia 
would do this kind of research. The answer 
would be that in 3 of 4 cases—surely in 2 
out of 3 and possibly in 4 out of 5—such 
research in Russia would be done by psycho- 
physiologists (more correctly, Higher Ner- 
vous Activitists, but it is a clumsy word). 
If you take The Journal of Abnormal and 
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Social Psychology, you will first find that a 
large portion of the work reported would not 
have been done in Russia at all, but then you 
will discover that in this case, too, the psy- 
chologists are likely to trail the psychophys- 
iologists and the psychiatrists in whatever 
is done in the area. And even the kind of 
material published in The Journal of Applied 
Psychology and The Journal of Educational 
Psychology—again, whatever is done—would 
as frequently come from a_ physiological 
as from a psychological laboratory. Like- 
wise, whatever we have in our two evaluative 
journals, The Psychological Bulletin and 
The Psychological Review, would in Russia 
fall mostly within the bailiwick of physiology 
or psychophysiology or higher nervous 
activity. 

A few months ago Professor Smirnov 
stated (61), with some pride, that the Soviets 
have now no less than 700 professional 
psychologists (the 1958 Directory of Ameri- 
can Psychologists lists 16,644). I have not 
seen an estimate of the number of their 
psychophysiologists but my files contain 
the names of about 60 publishing Soviet 
psychologists and about 500 publishing 
Soviet psychophysiologists. I recently 
checked the Large Soviet Encyclopedia—42 
volumes, recent edition—for sketches of 
contemporary Soviet psychologists and psy- 
chophysiologists. I found sketches of 13 
physiologists but of only one psychologist. 
At the recent convention of Soviet psycholo- 
gists (2), the two longest and by all tokens 
most important papers, as well as a number 
of other papers, were by physiologists. 
Soviet psychological publications are pub- 
lished by the Academy of Pedagogical 
Sciences; psychophysiological publications 
are published by the General Academy of 
Sciences which is a very restricted body— 
more restricted than our National Academy 
of Sciences—and the true Olympus of basic 
Soviet science. More than that, the only 
journal in the natural sciences that the 
General Academy publishes in German as 
well as in Russian is the psychophysiological 
Journal of Higher Nervous Activity. There 
are in the Soviet Union scores of research 
institutes in psychophysiology but only 
about half a dozen in psychology. 


I think I have said enough to indicate to 
you that vis-a-vis psychophysiology, psy- 
chology is a rather small enterprise as a 
basic science in the Soviet Union. I don’t 
even know whether I should call it a junior 
partner or a younger brother; perhaps an 
unsteady Sputnik might be more appropri- 
ate, or really a commensal organism, one 
that partakes of the food of another organ- 
ism without being parasitic. And finally 
with respect to training, a Soviet physiolo- 
gist is an American physiologist plus; that 
is, he has the training of an American 
physiologist plus special training in psycho- 
physiology. A Soviet psychologist is an 
American psychologist minus; that is, he has 
a narrower spectrum, is likely to know less 
physiology, be less familiar with brass 
instruments, and in general be less of a 
scientist. Of course he may say he knows 
dialectical materialism. But what is that? 
Even if one grants that it is a tenable 
philosophy, its heuristic value to an indepen- 
dent hard-core psychology is, to use a 
Russian expression, that of ‘“Toloch Vodu” 
(grinding water); at best it is merely declar- 
atory and programmatic. 

Yet within its own Sputnik orbit, Soviet 
psychology as such is not without influence. 
Psychologists seem to dominate the Acad- 
emy of Pedagogical Sciences and together 
with the “methodists” (specialists in meth- 
ods of teaching) seem to set the pattern of 
“how to do it”’ in Soviet education. Psychol- 
ogy was until very recently taught as a high 
school subject in the Soviet Union; hence 
each year several million copies of elemen- 
tary psychology textbooks were mastered by 
Soviet youngsters, reached Soviet homes— 
which of course is more than we do here. And 
psychologists participate to some extent in 
the work of mental institutions—though 
mostly confined to the handicapped, so called 
defectology, as distinguished from psycho- 
pathology (in Russian, usually pathopsy- 
chology)—and are now beginning to plan to 
participate in Soviet industrial and agricul- 
tural adjustments. Again while a good deal 
of their publications are still more largely 
concerned with “what is to be done” than 
“what has been done” and \ ith “trying to 
do” rather than with “doing,” I suppose 
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their very “‘tryings’” and “ways of tryings’’ 
are in themselves of special interest, partic- 
ularly since there is no question of dis- 
continuing psychology as such in the Soviet 
Union. The prevalent ideology is surely that, 
right or wrong, there must be a psychology 
on top of a psychophysiology, and about the 
worst accusation one can make against a 
Soviet psychophysiologist is to say that he 
wants to liquidate Soviet psychology (‘‘liqui- 
date” is an uncomfortable word). So we 
have two disciplines to consider and let us 
begin with psychophysiology. 

PSYCHOPHYSIOLOGY: IN PAVLOV’S 

FOOTSTEPS 

The first signficant statement about 
Soviet psychophysiology that needs to be 
made is the fact that, unlike Soviet psychol- 
ogy, it has in itself in the course of 40 years 
been very little, if at all, interfered with by 
the Soviet State or Soviet philosophy. At no 
time was experimentation in Pavlovian 
conditioning and related phenomena in any 
way curtailed and at no time was any 
Pavlovian doctrine per se, let us say, stimu- 
lus generalization or higher order condi- 
tioning, criticized as being in conflict with 
dialectical materialism. (It could have been, 
of course!) All that was said at certain times 
(most of the time) was that Pavlovian 
psychophysiology does not exhaust psychol- 
ogy or, in their own lingo, that “‘it studies 
the material basis of the mind, but not the 
mind itself’—which was no doubt fine with 
the vast majority of their rank and file 
experimentalists, tired of extrapolating and 
stretching their research findings. It must 
be remembered that Soviet psychophysiolo- 
gists, unlike American psychologists or 
even American behaviorists, are under no 
compulsion to explain mental phenomena— 
most of them seem to be well satisfied with 
the significance of their results at their own 
level (just as our own physiologists would 
be). Hence the curve of production of Soviet 
psychophysiological research has been steady 
and continuous and as a rule positively 
accelerated—now very much positively ac- 
celerated—from the very beginning of the 
Soviet era till the present day (50).? I cannot 


* Non-Russian readers may gain some knowl- 
edge of current Soviet: psychophysiology from: 


detect in this curve any influence of the 
New Economic Policy or the Popular Front 
or the Hitler Pact or Stalin’s changing and 
deteriorating personal predilections. The 
fact is that the philosophical basis of Soviet 
psychophysiology per se was even less 
queried than that of Soviet physics, let us 
say, the physics of Mandelstamm and 
Kapitza. And no Soviet scientist was, by 
Soviet standards, more tolerated or more 
coddled than Pavlov whose views as you 
know were at times openly anti-Communist 
(51, 52). 

True, beginning with 1950, Pavlovian 
psychophysiology has in a sense fallen under 
state control (70). But these controls aimed 
to preserve its purity and extend its applica- 
bility and by no means to question its 
validity or interfere with its empirical 
continuity. Besides, these controls have in 
the last three or four years been mostly 
removed. So that by and large the develop- 
ment of Pavlovianism per se has really been 
quite autochthonous and probably would 
not have been much different if Pavlov 
lived in a free country (43, 45). Indeed, an 
argument can be made that to some extent— 
or to a large extent—Soviet psychophysiol- 
ogy has in the last 30 years developed more 
normally, more evenly, and more efficiently 
than its familiar homologue or counterpart, 
American behaviorism. Let me explain what 
I mean by 8 short summary statements 
which will, I hope, also serve as short 
sketches of the present status and achieve- 
ment of the Soviet psychophysiology and 
which will keep American behaviorism as a 
yardstick or frame of reference. 


Empiricism 
1. Soviet psychophysiology has continued 
to be strongly empiricistic and fact-collect- 





(i) the current English translations of the Sechenov 
Physiological Journal of the USSR and the Bulletin 
of Experimental Biology and Medicine, (ii) the 
German edition (in East Germany) of the Pavlov 
Journal of Higher Nervous Activity (Pawlow- 
Zeitschrift der héheren Nerventdtigkeit), (iii) the Ab- 
stracts of Soviet Medicine published by Excerpta 
Medica, (iv) the 4 mimeographed volumes of 
translated ‘“‘Selected Russian Articles on CNS and 
Behavior”’ available in the National Library of 
Medicine, and from (v) transactions of recent in- 
ternational congresses of physiology, electro- 
physiology, neurology, psychology, and the like. 
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ing. The conceptualization and mathemati- 
calization that has gripped a good portion 
of American behaviorism in the last two 
decades or so has not touched it. Lacking, in 
general, the benefit of our philosophy of 
science, it may also perhaps have benefited 
from the lack of it. Soviet psychophysiolo- 
gists seem to be little worried about having 
too many meaningless facts and not enough 
meaningful theoretical frames to pin the 
facts to; and as a result have accumulated a 
staggering amount of experimental material 
—my bibliography of their experiments on 
conditioning has now reached the 3000 
mark. The extent to which the Russians go 
to get facts on conditioning, for instance, 
will surprise you. There are eight experi- 
ments in which dogs were conditioned, put 
to death (clinical death, they call it), then 
revived after 3 to 15 minutes and retested 
for conditioning changes (40); (the Soviet 
Academy of Medical Sciences has for some 
years maintained in Moscow a_ special 
“resuscitation” laboratory). There are a 
number of experiments in which dogs were 
conditioned dressed in jackets loaded with 
heavy weights (1), partly to study condi- 
tioning in general under these circumstances 
but mainly as a technique to investigate 
cardiac conditioning. There are experiments 
on the relation of conditioning to dozens of 
diseases, scores of drugs, wide varieties of 
diets, all kinds of tissue ablations (50), as well 
as such special variables as: sexual excita- 
tion (38), castration (46, 47), ligation and 
cutting of spermatic cords (4), pregnancy 
(28), ligation of veins and arteries (5, 57), 
ovarian implantation (22), operative rejuve- 
nation (62), antibiotics (32, 41), radial accel- 
eration (64), and the like. Indeed the stand- 
ard Soviet way of trying out a drug is to see 
its effect on conditioning; their equivalents 
of our studies of the psychological effects of, 
let us say, polio or lead poisoning would be: 
the effects of polio (48) or lead poisoning 
(24) on higher nervous activity—that is, 
conditioning. On the other hand, the Rus- 
sians do not have—or shall I say—do not 
waste experiments on “‘settling” subtle prob- 
lems of theoretical controversy: need reduc- 
tion, nature of discrimination, cognition, 
etc. In this respect they are really much 
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like B. F. Skinner and American functional- 
ists. But consider the second statement. 


Neurology of learning 


2. Unlike Skinner and a number of other 
behavioral positivists however, the Russians 
have never given up the neurology of learn. 
ing. Their studies in brain extirpation, 
searches for anatomical and _ physiological 
loci and foci of learning and, in more recent 
years, the EEG—brain wave—correlates of 
learning are surely impressive in number, | 
would estimate that Russian experimenta- 
tion in the last area may well exceed Ameri- 
can and English efforts combined; just a 
single issue of a recent Russian journal (71) 
holds 11 substantial studies on EEG cor- 
relates of conditioning—6 with rabbits and 
5 with human subjects. And it seems that 
this is the first Russian area that is beginning 
to attract the attention of Americans. In 
the 1957 Annual Reviews of Physiology 
Liberson reviews 140 Russian titles in a 
chapter entitled “Recent Advances in 
Russian Neurophysiology” (mostly neurol- 
ogy of learning), and in a pre-publication 
chapter for the forthcoming Handbook of 
Neurophysiology, a chapter entitled ‘The 
Neural Basis of Learning’ by Robert 
Galambos and Clifford Morgan—there are 
extensive quotations from more than 20 
abstracts of Russian references. And both 
Liberson and Galambos and Morgan are 
complementary of the Russian work. Liber- 
son states, for instance, that, “In the field of 
electrographic correlates of conditioning, 
Russian neurophysiologists have been doing 
pioneering work” and “It is in the field of 
comparative physiology of higher nervous 
functions that the most intriguing work has 
been turned out in Russia during recent 
years”—while Galambos and Morgan say 
that “The use of microelectrodes in EEG 
is just beginning in non-Russian hands.” 

Galambos and Morgan do not, I assume 
from their references, read Russian and have 
had access only to some non-Russian ab- 
stracts while Liberson, who reads Russian, 
complains that a good deal of the literature 
was unavailable to him. An All-Union 
Conference on Electrophysiology at which 
70 papers were read, was held in Leningrad 
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May 8-11, 1957 (49). From the conference’s 
abstracts, the survey by Rusinov (56) and 
others, as well as from the morphological 
neural changes during conditioning reported 
by the laboratories of Beritov (15) and of 
Sarkisov (58), I judge that the Russians feel 
that they are on the verge of real break- 
throughs in the neurology of learning and are 
actually in the process of converting Pavlov’s 
Conceptual Nervous System into a real 
one. And I notice that the French electro- 
physiologist Gastaut seems to share this 
view. He and his colleagues Rogers, Dongier, 
Naquet, and Regis (21) have been working 
hard on providing, in their own way, true 
neural underpinnings to Pavlov’s brain 
theories and they seem to feel that at least 
in part they have succeeded. The long- 
existing gap between Pavlovian and classi- 
cal neurology may thus be hoped to be 
bridged. I of course do not mean to minimize 
our own breakthroughs in the area such as 
those of Olds (42) and of Delgado, Roberts 
and Miller (19, 39). But the Russians have 
been at it all the time while we are, to a large 
extent, Johnny-come-latelys. Our positivism 
may well have served us negatively. 


Psychopathology and psychopharmacology 


3. My third statement pertains to psycho- 
pathology and psychopharmacology. Pavlov 
began applying his teachings to problems of 
psychopathology as early as 1918 while his 
interest in relating pharmacology to condi- 
tioning started around 1908 (Pavlov was a 
professor of pharmacology before he was one 
of physiology). And this initial work in 
experimental neurosis, special typology, 
functional pathological neural states, para- 
doxical and ultraparadoxical, and differen- 
tial conditioning effects of bromides and 
caffein has since multiplied manifoldly and 
multifariously and has accrued new empirical 
findings and concepts of verbal conditioning, 
interoceptive conditioning, sleep therapy, 
hypnotherapy, drug therapy, and the like— 
so that by now the Russians have quite a 
complete and complex system with respect 
to the etiology, understanding, and treat- 
ment of mental disorder. The clinical claims 
of Soviet psychopathology are difficult to 
evaluate—though the discharge rates of 


their mental hospitals do not seem to be 
lower than ours—but their experiments, 
particularly the psychopharmacological 
ones, are too objective and too numerous— 
about 500 experiments—for us to ignore. 
One series of experiments, combining the 
pharmacology and the neurology of learning, 
by Anokhin (3), probably the most brilliant 
of all Soviet psychophysiologists, seems worth 
citing specifically. Three pairs of electrodes 
were implanted in the cortex, thalamus, and 
reticular system of rabbits, and the animals 
were conditioned to refuse food (carrots) in 
a hutch in which they had previously re- 
ceived electric shocks. The neurological 
effects of the conditioning were clear-cut 
EEG desynchronizations when the animals 
were placed in the conditioned hutch. But 
when the drug aminazine was adminstered 
the conditioning was “‘washed out”: EEG 
synchronization was restored, and the 
animals accepted avidly the proffered food 
in the negatively conditioned hutch. 


Verbal conditioning 


4. Soviet psychophysiology has also made 
in recent years notable—indeed striking— 
contributions to our knowledge of verbal 
conditioning; that is, conditioning reflexes 
to verbal stimuli—not verbal reinforcement. 
I have done a little work in this area myself, 
but in general this sort of experimentation 
has been very scanty in this country and 
until very recently the Russians, too, have 
not done much. However, since Stalin’s 
1950 pronunciamentos on linguistics, they 
dug up Pavlov’s view on the second signal 
system, combined the two in some way, and 
started a mad rush so that today verbal 
conditioning is probably their most inten- 
sively investigated single area in which, 
incidentally, the psychologists have joined 
the psychophysiologists. Let me cite three 
recent experiments as samples. Markosyan, 
a psychophysiologist reporting at a psycho- 
logical conference (2), conditioned blood 
coagulation—through electric shock—to the 
sound of a metronome and the flash of an 
electric lamp and found that the condition- 
ing transferred to the words metronome and 
lamp as well as to semantically and phonet- 
ically related words. Elkin (2) conditioned 
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the eyelid reflex of 25 school children to the 
sentence “‘it is a sunny day today” and “‘it is 
raining today,” and found that the condi- 
tioning was very easy when the sentences 
corresponded to the prevailing weather but 
very difficult, or impossible, when the weather 
during the conditioning and/or testing was 
different from that in the sentences. Volkova 
(65) discovered that the food salivary re- 
flexes of school children who had _ been 
conditioned positively to the word right and 
negatively to the word wrong carried over 
correctly to right and wrong sentences; 
for example, to “8 divided by 2 is 4” vs. ‘10 
divided by 2 is 3” and “Snow melts in 
Spring” vs. “It is always cold in the South.” 
I don’t think the Russians have discovered a 
way of conditioning to truth! But obviously 
the experiments are of basic significance 
to both the theory and practice of human 
behavioral control. 


Interoceptive conditioning 


5. One of the chief differences between 
Soviet and American conditioning studies is 
that we concentrate on one kind of reaction 
while they go in for variety. And of the 
variety, the most important one and the one 
that we never even touched is that of inter- 
oceptive or viscerovisceral and _ visceroso- 
matic conditioning. You condition the 
uterus to respond when the ureter or urinary 
bladder is stimulated and vice versa, or you 
condition the pancreas to secrete when the 
gall bladder is stimulated or vice versa, or 
you simply teach the animal to withdraw 
its paw or lift its paw when the visceral 
changes occur (6, 16-18). Most of these 
experiments are done through surgical 
exteriorization of the viscera and _ their 
ramified theoretical and clinical significance 
could hardly be overestimated. In fact, they 
are even important in animal space travel 
inasmuch as Soviet animals could presum- 
ably be trained by means of conditioned 
interoception to signalize not only stimuli 
around them but also reactions within them. 
Bykov’s book which has just been translated 
into English by Gantt (17) contains some of 
these experiments; but the book was orig- 
inally written in 1942 whereas 85% of these 
interoceptive experiments have been per- 


formed since (my bibliography of interocep- 
tive conditioning has now reached the 200 
mark). And here I am tempted to say some- 
thing in general about viscera. As some read- 
ers may know, some American behaviorists 
have suggested that classical Pavlovian 
conditioning is confined to autonomic 
or visceral reactions and so is not too im- 
portant. I do not agree to the formulation. 
But even if I agreed, I do not see why vis- 
ceral conditioning is so unimportant. After 
all, our viscera are with us all the time, you 
can’t get rid of them, and they keep on 
learning—whereas the Lord, as you know, 
has not provided us with levers to pull or 
buttons to push—not even to peck at. 





Phylogeny and ontogeny of conditioning 


6. The Russians have several laboratories 
of what they call evolutionary physiology in 
which they compare conditioning through- 
out almost the entire animal kingdom, from 
hydra to horses and from ascidians to apes 
(7, 66); whereas we, concentrating as we do 
on one or two species, are in danger of losing 
comparative psychology or comparative 
behavior as a separate discipline or area of 
knowledge. I mentioned that Dr. Liberson 
praised Russian work in the area. I could 
add more praises but I have time only to 
mention another comparative area which 
Dr. Liberson has not reviewed—namely, 
that of human ontogeny, comparative condi- 
tioning characteristics in infants and young 
children. The Russians have developed here 
a sort of Gesell-type or Kuhlmann-Ander- 
son type scales; while we have scales of 
capacity, they seem to have scales of modifi- 
ability (26, 27). 


Sensory interaction 


7. Another significant area of Soviet 
psychophysiological research is that of 
Sensory Interaction. The field was surveyed 
by Ivan London in the November 1954 
issue of the Psychological Bulletin (35). 
London’s bibliography is quite complete and 
his brief summary of the Russians’ main 
findings generally accurate. However, his 
doubts and disparagements of the findings 
are either unjustified or in need of definitive 
qualifications. He states, for instance, that 
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there is ‘ready evidence of inadequate 
jnstrumentation” in the Russian experi- 
ments but nowhere mentions what the 
evidence is. The laboratories of Lazarev (34) 
and of Kravkov (33), the chief interaction 
experimenters, appeared to me—and_ to 
others—quite well equipped in 1934 and 
recent diagrams and photographs of Soviet 
sensory apparatus surely reveal an advanced 
level of technical skill (68). Lazarev was a 
trained physicist as well as a physician, a 
physiologist, and a Member of the Russian 
Academy of Sciences before the Revolution 
—while Kravkov, a Corresponding Member 
of the Academy, was the only psychologist 
who had attained the rank either before or 
after the Revolution. Kravkov also had, as 
far as I could ascertain, special training in 
physics and engineering and is, incidentally, 
the psychologist mentioned in the Large 
Soviet Encyclopedia. If you doubt the work of 
these two, you might as well doubt every- 
thing about Soviet science. 

London’s criticisms of the Soviet experi- 
ments for “‘primitiveness in the statistical 
treatment of data’? and poor reportage are 
largely true but not basic with respect to the 
main validity of their findings. I recently 
subjected the data of 300 Russian experi- 
ments on salivary conditioning (the statis- 
tical level of which differs but little from that 
of experiments on sensory interaction) to 
tests of significance, and found that only in 
29 per cent of the cases did the stated Rus- 
sian results fail to reach the conventional 
5% level of confidence. Likewise, my earlier 
and less extensive qualitative treatments of 
Russian data showed their behavioral find- 
ings to be mosily statistically reliable. In- 
adequate statistics is, as is known, a general 
characteristic of reports by physiologists 
though the Russians are no doubt guiltier 
than the rest—a curious phenomenon in 
view of the advanced state of their mathe- 
matical statistics and electronic computing 
machines (the latter was included by E. 
Teller in a press statement among the few 
areas in which the Russians are superior to 
us). 

Little need be said about reportage. Our 
practice of elegant reports, of often spending 
more time on writing up an experiment than 


on doing it, and of strict editorial supervi- 
sion of style and organization is by all 
tokens not shared by the Russians and they 
may be right. 


Practical animal training 


8. Finally, it might be worth mentioning 
Soviet practical animal training. To realize 
its highly advanced level, one would have to 
see the commercial film ‘“‘Animal Theatre,” 
with its complete animal orchestras, animal 
trains, elephants ringing bells, dogs selling 
tickets, chickens punching the tickets, 
flustered rabbits missing the train, cats as 
conductors, and the like.* Animal training is 
in the Soviet Union as a rule under the 
supervision of leading scientists—their ani- 
mal space training is, for instance, according 
to the New York Times, in care of Professor 
Vladimir Chernigovsky whom I recognize 
as the Head of the Laboratory of Receptor 
Physiology of the Pavlov Institute of Phys- 
iology and as an outstanding student of in- 
teroception and interoceptive conditioning. 
And, incidentally, the training is carried on 
in operant or reward fashion which, of 
course, the Russians simply call conditioning 
(23). ‘‘Conditioning reflexes and patience is 
all you need” says one of their animal film 
commentators. 


PSYCHOLOGY: IN SEARCH OF A SYNTHE- 
SIS WITH MARXISM-LENINISM 


Turning now to the development of 
psychology proper in the Soviet Union, we 
are confronted with a totally different 
picture—with few achievements, and lots of 
trials, woes, and tribulations. Unlike Soviet 
psychophysiology, Soviet psychology has 
been in its very core Communist-constricted 
all the way along, the degree of constriction 
being a monotonic function of the degree of 
Stalinism and relenting only in the last three 
or four years. And unlike the steady curve of 
research and thought production of Soviet 
psychophysiology, the curve of production of 
Soviet psychology has been spotty, at times 
quite scanty, and at other times practically 


3 I am reproducing the film from memory and 
some details as to which animal did what may be 
somewhat inexact. There is, however, no doubt in 
my mind that each of the mentioned animals per- 
formed one or another of the enumerated acts. 
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“nilly.”” And surely the course of underlying 
systematics of Soviet psychology has, unlike 
that of Soviet psychophysiology, been very 
uneven, very non-autochthonous, typically 
tortuously zigzagging, and not uncommonly 
paroxysmically self-destroying. 

I shall divide the Communist constriction 
into three periods: 1917 to 1930, 1930 to 
1936, 1936 to the present. Between 1917 and 
1930, the constriction might be called self- 
constriction. There is no evidence that the 
Communist party or state actually told 
psychologists what to think or do or what 
not to think or do during that period. It 
was the psychologists themselves who tried 
very hard to accommodate their views and 
work to Communist thinking and to the 
objectives of the Soviet State. And _ since 
Communist thinkers—Marx, Engels, and 
Lenin—had few, if any, specific thoughts on 
systematic psychology and since the objec- 
tives of the state were also sort of seesawing 
in the ’20’s, there obtained an almost free- 
for-all fight of psychologists for the final 
common path or final Communist path: 
which psychology should become the Marx- 
ian psychology. (Of course the idea of 
possibly letting more than one flower bloom 
never occurred to their mind, I suppose; or 
did it?) 

“The period between 1930 and 1936 I 
would designate as Communist-psycholo- 
gists’ constriction or interference. It begins 
with the Communist Cell of the Moscow 
Psychological Institute initiating a series of 
discussions of the basic premises for a 
Marxian psychology, primarily a criticism 
of the then-established Kornilov Reactology. 
What happened was that Lenin’s Philosophi- 
cal Notes were published in 1929 and pre- 
sumably disinterred some treasured com- 
mandments of do’s and don’ts for psychology ; 
hence there followed an era of self- and other 
chastisement, name-callings, accusations, 
imprecations, recriminations, and related 
such and sundry niceties. The periodicals 
Psikhologiya, Pedalogiya, Psikhotekhnika, 
and Psikhonevrologiya of the period teem, 
as it were, with Gaston-Alphonse compli- 
ments of mechanistic, idealistic, biologistic, 
sociologistic, fatalistic geneticism, fatalistic 


environmentalism, abstractionistic function- 
alism, ete., etc. 

Finally, the period of mere words passed 
and the period of real action and full- 
powered Communist control was ushered in 
—the purge of Pedology, Psychotechnics, 
and Mental Testings in 1936. And_ this 
control continued unabated—at times aug- 
mented—during Stalin’s lifetime, relented 
somewhat after his death, but has by no 
means disappeared even now—the course of 
the control following indeed in all respects 
the course of Communist control and 
“partyization” of related intellectual endeay- 
ors. Why should psychology be different? 


Systematic views: reflexology 


On the other hand, with respect to 
systematic views, four periods seem to 
stand out in the Soviet era: 1917 to 1923, the 
Reflexological period (9-14); 1923 to 1931, 
the Reactological one (29, 30); 1931 to 1950— 
which I shall eall—Unanchored Cognition 
(31); and 1950 to present, Anchored Cogni- 
tion (60). The reflexological period is the one 
in which Bekhterev’s Reflexology, coupled 
with American Behaviorism, came _ pretty 
close to becoming the official Soviet psychol- 
ogy. Pavlov’s experiments and views were 
used in the enterprise but Bekhterev and his 
disciples were the moving spirit, Pavlov 
himself being indeed not at all involved. 
True, Pavlov became interested during the 
Revolution in experimental neurosis, the 
concept of sleep as inhibition, and psycho- 
pathology in general. But these interests 
were, I presume, results of accidental 
circumstances and not of ideological in- 
fluences. Pavlov could not take in 1918 his 
summer vacation in the country; he did not 
want to experiment during the summer (he 
never did) so he decided to spend two 
months working in a clinic, just about the 
time when the semi-starved condition of 
his dogs made them lethargic and demented 
and neurotic and supplied Pavlov with new 
ideas and pursuits. 

‘On the other hand, Bekhterev set out, 
right after the Revolution, to inweave his 
reflexology into the Soviet system. He pub- 
lished a monograph on Psychology, Re- 
flexology, and Marxism and an article with 
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Dubrovsky on Reflexology and Dialectical 
Materialism (12, 13), trying hard, in both 
eases, to show that reflexology is the proper 
Marxian and Dialectical psychology. He 
became the editor of a periodical Problems 
of Studying and Training Personality 
(Problemy Izucheniya 1 Vospitaniya Lich- 
nosti) in 1919 and set up in his Brain Insti- 
tute divisions of Genetic Reflexology, Patho- 
logical Reflexology, Collective Reflexology, 
Pedagogical Reflexology and ‘“what-not’” 
Reflexology. His associate, Sorokhtin, de- 
veloped theories on associative sex tensions 
to replace Freudianism (63) and he and his 
associate, Polonsky, experimented with mu- 
tative or emergent characteristics of associa- 
tive reflexes (14), presumably as substitutes 
for Gestalt principles. The reflexologists 
were very active in research and in their 
own way very fruitful to hypotheses. Had 
they continued unhampered, they no doubt 
would have made significant contributions, 
probably would have developed a psychol- 
ogy not much different from what some of 
our behaviorists would like to have. But the 
school was declared too mechanistic for 
Communist philosophy and slowly passed 
out of existence. 


Reactology 

Kornilov’s Reactology was a school of 
psychology that let the physiologists study 
the reflex while keeping to itself the study of 
voluntary reactions or voluntary behavior. 
Its methodology was primarily objective 
but it did not completely disdain introspec- 
tions—particularly that of the Wirtzburg 
variety—as a preliminary private survey. 
The school also contained a principle of 
wholeness—that total behavior dominates 
individual reaction behavior and_ social 
behavior dominates individual behavior; and 
a principle of socioeconomic prepotercy—that, 
while the form of reactions may be deter- 
mined biologically, their content is social, 
specifically economic, and man in general is 
a variate or function of a particular economic 
class. The school was certainly wider in 
scope than reflexology and no less experi- 
mental and if permitted to exist, would no 
doubt have been of considerable significance. 
(A good example of a reactological approach 
to psychology is Luria’s studies of affective 





reactions (36). Luria as well as Vygotsky 
(67) were students of Kornilov,‘ though they 
later founded a school of their own.) But as 
already indicated, reactology, like reflexol- 
ogy, was declared undialectical, inade- 
quately Marxist-Leninist in 1931, and its 
fate, too, was naturally thereby sealed. The 
charges were: Man as a mere reacting or- 
ganism is too passive a concept for Leninist 
activism; reactology leads to psychophysical 
parallelism, on the one hand, and to epi- 
phenomenalism, on the other—either of 
which is at variance with dialectical materi- 
alism; and, in simpler terms, reactology 
fails to accord consciousness its directing 
controlling role in transforming Man, Society 
and Nature (55). 


Unanchored cognition 


Whatever it was, from there on Soviet 
psychology became what we might call a 
Cognitive Psychology. It, however, came to 
be a very special kind of cognitivism, re- 
jecting as it did Gestalt psychology, phenom- 
enology, functionalism, psychoanalysis, the 
Wiirtzburg school, and indeed whatever 
cognitivists had worked at. What it most 
resembled was a very naive, common sense 
18th- and 19th-century-vintage cognitivism, 
bordering on scholasticism, and it is for this 
reason that I called it unanchored. Man is 
controlled by his goals, wills, purposes, 
conscious needs, thoughts, duties, ete. but 
these categories are in no way empirically 
delineated, measured, or even adequately 
described. One student of Soviet psychology 
(8) calls this period “‘the New Man in Soviet 
Psychology” and stresses its rational as- 
pects. But it is really an old-man or better a 
new old-man period, the old rational 
“faculty psychology” of the German Chris- 
tian Wolff (whose book Rational Psychology 
appeared in 1734) Marxistically peppered. 
The acid test of productivity reveals an 
extremely vacuous sterility, a near-absence 
of any significant psychological research 
and any specific psychological thought be- 
tween 1936 and 1950, so that present-day 


‘Kornilov died July 10, 1957. An obituary 
article about him and his school appeared in 
Science, 1958, 128, 74-75 and his portrait in Con- 
temporary Psychology, 1958, 3, 86. 
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Soviet historical surveys and bibliographies 
are surely hard put by the glaring hiatus in 
psychological publications of that period. 
Perhaps this will be an example for our own 
extreme cognitionists that, to succeed, a 
cognitive approach in psychology must be 
tied to something empirical and _ isolably 
concretizable, must reach beyond its own 
circularity. 


Anchored cognition 

I designated the current (since 1950) sys- 
tematic position of Soviet psychology as one 
of anchored cognition. By this I mean that, 
while present-day Soviet psychologists con- 
tinue to accord supraphysiological status to 
traditional psychological cognitive cate- 
gories, they nonetheless insist that these 
categories are wholly unviable—indeed hope- 
lessly sterile and reactionary—without a 
study and understanding of their material 
basis, Pavlovian physiology. Thinking and 
imagination are thus, for instance, tied to 
Pavlov’s concept of language as a “second- 
signal system” and perception to Pavlov’s 
investigatory or ‘‘what-is-it” reflex. The tie- 
up does not represent, as is known, a natural 
evolution of theoretical-experimental views 
but has come about as a rather forced affair. 
June 28 to July 4, 1950, the Soviet Academy 
of Sciences met jointly with the Soviet 
Academy of Medical Sciences and resolved 
“that psychology, psychiatry and a number 
of related fields be reconstructed on the 
basis of Pavlov’s teachings” (51, 52). 

Just what this forced marriage of Pavlov- 
ian physiology and cognitive psychology 
will lead to is as yet, perhaps, too soon to 
gauge. So far, however, the benefits seem 
to be only unilateral—benefiting physiology 
or psychophysiology but not psychology or 
cognitive psychology. After a few years of 
trying, Soviet psychologists are beginning to 
contribute significantly to such areas as 
verbal conditioning and physicalistic studies 
of perception (53) but, except for formal lip 
service, do not seem to manage to relate 
their contributions—and the contributions 
of their physiologists—systematically to 
key problems of cognitive controls. The task 
is of course generally difficult. But in the 
case of Soviet psychologists there is the 
additional handicap of needing cognitive 


formulations that counter traditional and 
“bourgeois”’ equivalents. As already in. 
dicated and as might be suspected, in Soviet 
ideology cognitive psychology (not unlike 
literature, art, philosophy, and the social 
sciences) is much more class-construed ‘and 
class-angled than are psychophysiology, 
physics, and engineering. Soviet psychology 
must constantly prove its Marxist-Leninist 
nature, whereas Soviet psychophysiology 
need not do it—at least not do it in the same 
degree—its very advancement being as. 
sumedly in itself the right unfolding of the 
Soviet physicalistic (or materialistic) world- 
view. There is thus much more freedom for 
research and thought in the latter thait in the 
former, and even in the Soviet Union 
students and scientists are drawn to freedom. 
In fine, the incomparably greater progress 
of Soviet psychophysiology as compared 
with Soviet psychology is not just a matter 
of differences in subject-matter and of the 
Pavlovian traditions, but also (and perhaps 
more so) of the different relations of the two 
to the Soviet state and philosophy. 


Ideological correlates 


Viewed differently, one might say thét 
while Soviet psychophysiology is a “learn 
from” area, Soviet psychology is so far 
mostly one of “learn about,” that is, we may 
learn from Soviet psychology more about the 
Soviets than about psychology; or that, 
while Soviet psychophysiology may provide 
us with knowledge, Soviet psychology fur- 
nishes us mostly only a “sociology of 
knowledge.”” One must avoid, however, 
tempting facile generalization about the 
relation of general Soviet ideology to specific 
works and views in psychology, without 
considering the latter’s own autochthonous 
development and its basis of psychophysiol- 
ogy; e.g., the suggestion that Soviet psychol- 
ogists had not been interested in the “law 
of effect” because the “law of effect’’ means 
“tension reduction” and “tension reduction” 
is too passive a concept for Soviet activism 
(8). For, obviously, the “law of effect” 
may also mean “reward-getting” or “‘pleas- 
ure-seeking” and be a very active concept. 
The simpler and historically and systemati- 
cally truer explanation is the fact that 
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Pavlov’s associationism is not of a “law of 
effect” type. Neither is Guthrie’s or Tol- 
man’s associationism whose views we don’t 
tie up, I hope, to their ideology or politics. 
In fact, the very adoption of a particular 
school of psychology may well be a matter 
other than an intrinsic relationship to 
Marxian ideology or Soviet objectives. 
Psychologists in Kast Germany, under the 
leadership of Kurt Gottschaldt, are mostly 
now—right now—Gestalt-oriented, and one 
of them, Hans Hibsch, argues in a recent 
Russian periodical that the concepts of 
Gestalt and Ordnung are Marxian and dialec- 
tical (25). Yet East Germany is otherwise 
very much in the orbit of orthodox Com- 
munism. Again, it is known that Leon 
Trotsky had in the early ’20’s advocated the 
adoption of psychoanalysis, indeed a syn- 
thesis of Pavlov and Freud. In picturesque 
language, Trotsky is quoted by Shemayakin 
and Gershonovich to have said, ‘In the well 
of knowledge, Pavlov sits at the bottom of 
the well minutely probing its contents and 
topography, whereas Freud uncovers the 
same well’s contents and topography by 
penetratingly gazing from the top” (59)— 
and I might add that the Marxist-Leninists 
of Israel are deeply involved in Freud- 
Marx-and-Lenin syntheses (69). There is no 
doubt that the chief reason for the domi- 
nance of reflexology in the Soviet Union of 
the early ’20’s and for the resurgence of 
Pavlovianism in 1950 is the fact that Pavlov 
and Bekhterev were Russians. It could have 
been otherwise. (A lot of things could have 
been otherwise in the Soviet Union.) Of 
course, when “‘this-wise” is adopted, “other- 
wise” gets condemned and ‘‘this-wise” gets 
coordinated so that Gestalt psychology is 
probably not likely to hold out long even in 
Kast Germany. Pavlovianism has now al- 
ready become the official psychology of 
Czechoslovakia, the Balkan countries and, 
to a considerable extent, also of China and 
Poland (54). The iron curtain brooks no 
unclosured loopholes in its Gestalt. 


Behavioral sciences in the USA and the 
USSR 


Permit me now to end this long talk by a 
short word on the relative status of be- 
havioral sciences and of scientific knowledge 


of behavioral control in the Soviet Union and 
in this country, with particular reference to 
the recent statement in the press by a group 
of behavioral scientists that the behavioral 
sciences in the Soviet Union are Communist- 
constricted and lagging behind. As you have . 
seen, this is surely true with respect to 
psychology proper and it is even truer— 
much truer—with respect to several social 
behavioral sciences. But as you have seen, 
it is not true—not at all true—for Soviet 
psychophysiology which has kept up a 
steady record of significant achievements 
and a steady and consistent non-Communist 
—rather, supra-Communist, supra-every- 
thing—wholly empirical point of view and 
orientation. And it is this psychophysiology 
which is—most of you may agree—the 
scientific core of the behavioral sciences, 
and which with its drug effects, interoceptive 
and verbal conditioning, neurology, pathol- 
ogy, and pharmacology of learning, may hold 
within itself the possibilities of real break- 
throughs in the scientific control of human 
thought and action. So it is sad and discon- 
certing to have to state that American 
psychologists and behavioral scientists know 
so little about Soviet psychophysiology, 
know indeed less—much less—than Ameri- 
can physicists know about Soviet physics.® 
And then there is also the consideration 
that, in general, the Soviets possess a readier 
and more responsive machinery for trans- 
forming behavioral knowledge into be- 
havioral applications; that they control their 
applied psychologists and behavioral sci- 
entists more completely than we do or want 
to do, not letting them, shall we say, be too 
diluted by popular client-orientation; and 
that, while they may suffer from too ortho- 
dox theoretical rigidity, we, on the other 
hand, may ail from too heterodox theo- 
retical fragmentation and individual system 
aggrandizement. The situation as a whole 
thus contains elements of concern and 
calls for more knowledge and work, greater 
familiarity with, and duplication and veri- 

5 Only 28% of the reports of Russian experi- 
ments on salivary conditioning have been ab- 
stracted in the Psychological Abstracts (G. Razran, 
Psychol. Bull., 43, 19, 1957). In 1929, the Psychologi- 
cal Abstracts contained 7% Russian abstracts, in 


1954—0.5% (C. M. Louttit, American Psychologist, 
12, 20, 1957). 
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fication of, the Russian work—and lesser 
complacency and ethnocentricity. The need 
to catch on, catch up, and surpass in vital 
areas of psychophysiology and the control 
of men may not be much different from the 
related requisite in physics and the control 
of missiles. 


SUMMARY 


Pavlov’s experiments, begun long before 
the Revolution, have always been gener- 
ously supported by the Soviet State. How- 
ever, their far-reaching ontological and meth- 
odological implications gained an official and 
commanding position in Soviet bio-medical 
and psychosocial (as distinct from socio- 
economic) sciences only in 1950 with the 
1950 Resolution of the June 28-July 4 Joint 
Pavlovian Session of the Soviet Academy of 
Sciences and Academy of Medical Sciences. 
In the bio-medical sciences, present-day 
Soviet Pavlovianism may best be con- 
ceived of as (i) a doctrine of nervism (a 
Russian term)—the ubiquity of neural con- 
trol of bodily reactions (neural, neuro- 
somatic, neurovisceral, and neurohumoral) 
and (ii) a doctrine of what might be called 
concomitantism (my term)—the ready and 
radical modification of these reactions by 
concomitant reactions; or, viewed more gen- 
erally and somewhat differently, as (iii) a 
far-reaching physicalistic psychosomaticism 
or rather neuroviscerosomaticism. Psycho- 
physiology—or higher nervous activity—is 
the key discipline here. With scores of re- 
search institutes, it is indeed a very well- 
established, wide-scoped and much-advanced 
science that in both present achievements 
and future capabilities is a challenge to 
American and Western equivalents. 

On the other hand, in the psycho-social 
sciences and the key discipline of psychology 
proper, unmitigated Pavlovian physicalism 
and objectivism is met head-on by (i) the 
unbending postulate of dialectical material- 
ism of “the specific emergent efficacy of 
consciousness. and subjective conscious cate- 
gories” as well as by (ii) the simple con- 
sideration that a consistent Pavlovianism is 
a fully autarchic psychology by itself and 
needs no other science of psychology on top 
of it. A large portion of current Soviet 
psychological theory in psychology proper 


is thus primarily a textual and exegetic col- 
lation and conciliation of the views of Pay- 
lov with those of Marx-Engels-and-Lenin 
(until recently and, to some extent even 
now, also of Stalin), just as most current 
Soviet psychological experimentation in psy- 
chology proper is primarily a duplication of 
what Soviet psychophysiology could do as 
well, .if not better. Moreover, there is the 
long-standing drastic ban on_ intelligence 
testing, psychoanalysis, Gestalt. psychology 
and other to-be-shunned “bourgeois-psy- 
chological” thought-and-practice systems— 
so that, in all, psychology proper is a much 
constricted and per se more an ancillary 
than a basic discipline of Soviet empirical 
research, a state of affairs plainly reflected 
in the fact that the number of its research 
institutes and publications (as well as the 
number of psychologists proper) is but a 
small fraction of the number in _psycho- 
physiology. Yet, in evaluating our efforts in 
the area, vis-a-vis those of the Soviets, we 
must, obviously, take full account of both 
disciplines, Soviet psychophysiology being 
in all respects a psychology in American 
terms.® Indeed, it is Soviet psychophysi- 
ology, and not psychology proper, that is 
the homologue not only of American be- 
havioristics but also, to a large extent, of all 
American experimental psychology. 
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The theory of games has initiated a new mathematical approach to be- 
havioral science based on conceptualizations entirely absent in “classical” 
applied mathematics. In the wake of the first formulation of the theory came 
a proliferation of new avenues of attack on age-old ‘problems involving situa- 
tions of interest conflict, cooperation, bargaining, and power play. The liveli- 
ness of the subject is attested by the vigor of controversy about its very 


foundations. 
CRITIQUES OF GAME THEORY 


by Anatol Rapoport 


Mental Health Research Institute, University of Michigan 


AME theory appeared on the scientific 
horizon quite suddenly in a monu- 
mental work by J. von Neumann and O. 
Morgenstern (1944). There had been pre- 
vious important papers (von Neumann, 
1928, 1937; Borel, 1938), in which the foun- 
dations of the theory were laid, but by and 
large, until 1944 the subject matter may be 
said to have lain in a dormant state. 

The effects of the von Neumann-Morgen- 
stern volume were explosive. A bibliography 
of the literature published in a recent book 
of R. D. Luce and H. Raiffa (1957) contains 
some 700 titles, almost all of them falling in 
the period since 1944. The bibliography, 
according to Luce and Raiffa, covers game 
theory fairly completely but not the “allied 
subjects,” i.e., investigations largely in- 
stigated by game theory and by problems 
arising in it. 

In some quarters, game theory was hailed 
as one of the most outstanding scientific 
achievements of our century. Since those 
who are able to fathom the full significance 
of game theory are likely to have also an 
understanding in depth of mathematical 
physics, such evaluation can be interpreted 
as placing game theory in the same class 
with, say, the theory of relativity, which 
also belongs to our century. Now the latter 
is held by many to be of a magnitude com- 
parable to the first synthesis of mathemati- 
cal physics by Newton. And so the implica- 
tion is that game theory stands on a par with 
Newton’s celestial mechanics as a scientific 
achievement. 
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We will not defend or dispute this evalua- 
tion here, but we will try to understand the 
basis for making it. For it is instructive both 
for understanding the spirit of game theory 
and the spirit of theoretical science in 
general to see just whet impels people of 
profound understanding of these matters to 
see a comparable achievement in two such 
widely disparate endeavors. 


THE CONCEPTUAL ACHIEVEMENT OF 
GAME THEORY 


Let us first ask wherein lies the greatness 
of Newton’s achievement. In our day we 
may expect practically unanimous agree- 
ment on the answer. The achievement was 
a two-pronged one. Newton created a new 
mathematical framework—infinitesimal anal- 
ysis—and used it with enormous success in 
a mathematical deductive system in which 
all of the known modes of motion of the 
known heavenly bodies (and in many 
instances of terrestrial bodies) appeared as 
compelling consequences of only three as- 
sumptions.! The first part of the achieve- 
ment was conceptual; the second part 
was technical. The Newtonian system, at 
least in its subsequent extension, is practi- 
cally unthinkable without its basic mathe- 
matical tool—infinitesimal analysis (the cal- 
culus and derived disciplines). But the 
converse is not necessarily true. Possibly the 
calculus could have been invented even 


1T am counting the Second and Third Laws of 
Motion and the Law of Gravitation. 
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without the instigating challenge of celestial 
mechanics.2 So at least in principle, we 
have two very different and semi-inde- 
pendent aspects of Newton’s achievement. 
It is idle to speculate whether the calculus 
actually could have ‘‘stood up” without the 
needs of astronomy to back it. Jn retrospect 
we feel that it should have stood up, so as to 
be available to the future generations, as 
will appear from the analogy we are about 
to make. 

In game theory, we see a situation similar 
to that which would have obtained if the 
applications of calculus did not result in a 
predictive theoretical science of amazing 
power and accuracy. The mathematical 
discipline forged for dealing in a mathe- 
matically exact fashion with certain aspects 
of characteristically human behavior still 
appears as an amazing invention. But the 
applications are meager and faltering Is 
there not a contradiction here? Is it not 
fatuous to speak glowingly about a theory 
which has so far failed to impress with its 
power in the field of application for which 
it was created? Can it be that those first 
outbursts of enthusiasm were simply pre- 
mature, were made in the hope that spectac- 
ular applications would follow, so that now 
it is time to make a more sober appraisal? 
Some people think so. We think not. We 
think that after fifteen years of rich theoret- 
ical developments of the theory unaccom- 
panied by anything comparable in applica- 
tions to behavior, the initial verdict is still 
justifiable. We also think that this initial 
verdict was made quite independently of 
the immediate application potential of game 
theory. Rather game theory was seen as a 
feat of breaking through an accustomed 
framework of mathematical thinking. 

To illustrate, we will resort to an analogy 
with the calculus. The calculus was not 
just a new mathematical language. It was a 
language’ superbly suited to dealing with 
certain events which could never be described 
in the old mathematical languages—the 
events subjected to strict determinism 
amid constant change or flux. (‘Fluxions”’ 


2 For example, the integral calculus was almost 
invented by Archimedes during his investigations 
in pure geometry. 
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was Newton’s name for the method.) It go 
happened that this language was immedi- 
ately applied to events which it could 
describe with outstanding accuracy—the 
motion of heavenly bodies. -Had it been 
applied to, say, meteorology, it would have 
failed. Even today we do not have a meteor. 
ology which compares with celestial me. 
chanics in the precision of its predictions, 
But there is no question that the calculus and 
its derivative disciplines are the proper 
language to describe air currents, tempera- 
ture gradients, etc. It captures the “es. 
sence” of those events (if I may be per. 
mitted an old-fashioned term). This essence 
is contained in the notion that (1) a portion 
of space and the events within it are 
described by the values of a certain number 
of pertinent variables given at each of the 
points at each moment of time and (2) the 
sequence of these ‘“‘states’”’ from moment to 
moment is determined by these very distri- 
butions and their rates of change. Neither 
classical geometry nor algebra were able to 
deal with these notions. The methods of 
analysis derived from the calculus still 
cannot cope with meteorological events very 
successfully, but the difficulties are technical 
not conceptual. The basic design of the 
mathematical conceptual machinery exists. 
The problem is simply in making more 
powerful and more refined tools according 
to this basic design. The difficulty of theoret- 
ical meteorology is largely a difficulty of 
handling the machinery. 

Coming back to game theory, its signif- 
icance was seen in that it broke away froma 
conceptual framework which had been un- 
able to cope with certain aspects of human 
behavior. It offered a new one which did 
appear to capture the ‘“‘essence’’ of that 
behavior. True, the present ‘“tools’’ of 
game theory are still not powerful enough 
or not refined enough to deal with the sub- 
ject matter for which it was meant, but it 
is felt that just as in the case of the calculus 
in application to meteorology, it is now a 
matter of developing more powerful tools. 
The basic design has been sketched. Therein 
lies the achievement. 

What is this conceptual framework, 
which game theorists felt could not deal 
properly with certain aspects of human 
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behavior, and what are those aspects? The 
conceptual framework was that same in- 
finitesimal analysis which proved its worth 
so eloquently in physical science, and the 
aspects of human behavior with which it 
could not cope were those of calculations of 
‘eonsequences of alternative choices of ac- 
tion under conditions of conflict and/or 
partial cooperation among rational beings. 
The application of infinitesimal analysis 
(whether in ‘classical’ mathematical eco- 
nomics or in some attempts to mathematicize 
sociology) was based on the assumption that 
there was something in human affairs called 
mass behavior and this mass behavior is 
subject to deterministic laws even though 
the same laws may be inapplicable or mean- 
ingless on the individual level. More con- 
cretely, man in Mass was seen as an aggre- 
gate of particles. The behavior of each 
particle could be described only in proba- 
bilistic terms. But the behavior of the 
totality could be described deterministi- 
cally on the basis of the law of large numbers. 
This is the basic philosophy of statistical 
mechanics: the probabilities on the molec- 
ular level of events become determinable 
mathematical dependencies among varia- 
bles pertaining to the gross level. Thus 
statistical mechanics merges with thermo- 
dynamics when the aggregate of individual 
entities appears under a “low resolving 
power”—as a continuum. Similarly, the 
probabilities governing the actions of in- 
dividuals (to buy or not to buy; to invest or 
not; to move to the city or the country) 
become in the mass continuous variables 
and their rates of change. The action of the 
mass, then, described in terms of these 
continuous variables becomes amenable to 
treatment by the classical methods of 
infinitesimal analysis (differential equations 
and the like)—so the argument for applying 
classical mathematics to human behavior 
goes, 

I would like to stress at the outset that I 
do not believe that all this effort to cast mass 


behavior into classical differential equations 


was wasted. It is not at this time a question 
of predictive power of the classical tools. 
They are not great (but neither are those 
of game theory at this time). It is a question 
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of appropriateness in principle of the tools. 
I do believe that there are important phenom- 
ena of mass behavior to which the classical 
tools of analysis are applicable in principle. 
This means that exactly as in the case of 
meteorology their limited success is due to 
their crudeness, not to their irrelevance. 
That is to say, I believe that in some aspects 
of human behavior, particularly mass be- 
havior, the assumptions of rationality, cal- 
culation of consequences, etc., simply do not 
play an important part, so that in certain 
aspects the action of masses may be de- 
scribed as determined strictly by ‘‘id-like’”’ 
forces, that is, forces that act only “locally” 
on the here and now. These forces are there- 
fore akin mathematically to the forces of 
mechanics, which are relevant in situations 
where goals and comparisons of consequences 
do not enter the picture. It is possible that 
economic events under approximately free 
competitive market conditions are of this 
type. So probably are fads and behavioral 
epidemics. Most political behavior of masses 
frequently seems to be of this type. And cer- 
tainly biological and ecological behavior of 
man in mass (phenomena described by vital 
statistics, accident rates, growth and decline 
of cities, migrations, secular trends in 
language change, diffusion of genes and of 
cultural traits, etc., ete.) seem to be of this 
type. Here the methods of classical analysis 
are probably appropriate. Greater success 
will be achieved when better fundamental 
assumptions are made underlying the mathe- 
matical models, when more relevant varia- 
bles are discovered and become accessible to 
more precise measurement, and when the 
mathematical difficulties of more sophisti- 
cated models can be overcome (perhaps by 
a judicious use of mathematical technol- 
ogy). 

But the fact remains that this whole 
approach seems irrelevant to the situation 
in which two individuals whose interests are 
not coincident are in control of different 
sets of choices and endeavor to make their 
respective choices in such a manner as to 
emerge with an advantage. This is the ele- 
mentary game situation. Its most salient 
feature is the ability of the participants to 
choose from among alternatives and to 
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calculate the ranges of consequences as- 
sociated with each choice. 

In its present state, game theory is not a 
dynamic theory. It does not describe a proc- 
ess in time. It describes only the logic of 
the situation and in some instances, but by 
no means always, is able to prescribe for the 
“rational player” what choices he should 
make. Thus “causality” in the conventional 
sense, depicted as a flow of states, is not 
part of this framework. The emphasis is 
always on the ranges of choices and on the 
analysis of the interplay of these choices 
and of the consequences. The novelty and 
originality of game theory is in that such 
situations had never been extensively mathe- 
maticized (i.e., cast into formal manipulable 
symbolic notation with relevant rules of 
manipulation). When this job was done, the 
resulting system revealed itself to be of 
enormous complexity and of subtle intricacy, 
and, for the mathematician, of striking 
beauty. 

There is another sense in which the 
mathematical structure of the game-theoret- 
ical approach differs fundamentally from 
that of classical mathematical models. In the 
latter specific assumptions are always neces- 
sary, and so the investigator must always 
choose from an innumerable number of 
possible assumptions. For example both 
Rashevsky (1951) and Richardson (1948) 
in developing their theories of mass_be- 
havior (very much in the same spirit) must 
postulate specific forms of interaction be- 
tween the individuals in the mass. Therefore 
their equations take on a specific form and 
contain many free parameters. In the ab- 
sence of concrete knowledge about the char- 
acter of the interactions, many other forms 
of equations could have been chosen with 
equal justification. As for the parameters, 
unless their values can be determined 
empirically or by several independent in- 
ferences, their great number often gives so 
many degrees of freedom to the solutions of 
the equations that no definitive conclusions 
are justified. 

Game theory, on the contrary, in its 
original formulations contains no param- 
eters and makes no arbitrary assumptions. 
Its assumptions are always “extreme,” 


e.g., complete “rationality” (as defined in 
the context of choice among alternatives) 
and complete knowledge (to the extent 
allowed by the rules of the game) of the 
participants. It is true that these assump. 
tions make the theory unfit as a descriptive 
theory of behavior in game-like situations, 
and so in subsequent attempts to construct 
more “realistic”? theories, specific assump. 
tions and parameters had to be introduced 
as will appear below. But the advantage of 
the original “non-parametric” formulation 
was precisely in that the purely logical 
scheme of the game-like situation wag 
exposed. ; 

As much as anything else, then, the 
achievement was in focusing attention on 
the nature of reasoning involved in the logic 
of events where conflict (and often partial 
coincidence) of interests enters. It was per- 
haps felt by those who most strongly en- 
dorsed the achievement that perhaps for the 
first time the difficulties of reasoning about 
typically human affairs have been pointed 
out and made explicit. The problems, in 
other words, became defined. This is still a 
long way from solution, but constitutes the 
most important step in the construction of 
theories relevant to the above mentioned 
aspects of human behavior. 

Once this relevance is recognized, the 
mathematical achievement of game theory 
is singled out from many other recent 
mathematical developments, even if many 
of the latter are more sophisticated mathe- 
matically speaking. For game theory is seen 
now not as just another branch of mathe- 
matics (although it is quite rich in purely 
mathematical ideas) but as a major innova- 
tion in applied mathematics,’ an invention 
of a mathematical system outstandingly 
germane to specifically human affairs, 
involving rational choice. The theory tran- 
scends the limitations of classical mathe- 
matics, which can be applied at best to mass 
behavior, where rational choice, calculation 
of consequences, etc., plays no part. 

So much for the importance of game 

3 The usual meaning (among mathematicians) 
of “applied mathematics’ is a formalism ab- 
stracted from some problem in the real world, 


regardless of whether this formalism is actually 
applied in the solution of a specific problem. 
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theory as a branch of applied mathematics. 
Its importance to social science is paradoxi- 
cally not in its successes but in its failures. 
Just what is meant by this will, I hope, 
become clear in the following discussion. 
First, however, we must give a very brief 
review of the scope of game theory as orig- 
inally conceived. 


THE SCOPE OF GAME THEORY 


There are three separate theoretical 
frameworks of game theory. We may de- 
scribe these three frameworks somewhat 
metaphorically but quite suggestively as 
based on high, medium, and low “resolving 
power.” The first, called the theory of games 
in extensive form, is descriptive of typical 
games of strategy stripped to their essen- 
tials. These essentials (as is quite evident on 
reflection) are the rules of the game which 
determine what may happen. Thus the game 
is seen as a sequence of moves made by the 
different players in some prescribed order. 
(The order may depend on what choices are 
made and their outcomes.) This description 
may be schematized by a diagram called the 
game tree. A classification of games, there- 
fore, suggests itself based on a classification 
of such diagrams. To this date, compara- 
tively little work has been done on this 
level of game theory.‘ 

The next level has had a much more 
extensive theoretical development. The tran- 
sition from extensive form to normal form is 
provided by the concept of strategy, sug- 
gested by the extensive form of the game. A 
strategy is a program given by a player 
which describes what the player will do in all 
conceivable circumstances in which he may 
find himself. Since the game, as defined in 
game theory, is usually assumed to have a 
finite number of moves, there are only a 
finite number of strategies open to each 
player.* In this way a game with N players 
may be represented by an N-dimensional 
matrix in which each ‘‘box” represents an 
N-tuple of strategy choices by the respective 
players. The entry in each box is the outcome 


‘However the investigation of a simplified 
“poker”? by von Neumann and Morgenstern is on 
this level. 

5’ There are also “‘infinite’’ games, i.e., games 
with an infinite number of available strategies, 
but we will not discuss them here. 


of the game taken to be an N-tuple of num- 
bers, representing the respective pay-offs 
(in utiles) to each player. 

Let there be no mistake about the “prac- 
ticality” of this description. The number of 
strategies even in the simplest games is 
enormous. In tic-tac-toe, for example, taking 
the number of moves the least possible (i.e., 
five) the number of strategies open to the 
first player is about a trillion.* In chess, the 
number of strategies open to Black on his 
first move alone is approximately a hundred 
trillion trillion. But game theory is not con- 
cerned with practicality at this level. It is 
conceptually possible to represent each game 
by a matrix, as long as there are a finite 
number of possible moves, and that is 
enough. The theorems resulting from the 
analysis of such matrices are valid quite 
regardless of the “practicality” of the repre- 
sentation. This is not surprising and should 
not be disturbing. A geometric line or curve 
contains an infinity of points, so that it is out 
of the question to describe it by listing 
the points. Yet theorems can be derived, 
which are statements about “every point on 
such and such a curve.” The usefulness of 
such theorems in no way depends on the 
possibility of ‘“‘naming’’ every point. In its 
matrix representation, the game is said to be 
in normal form. The associated theory has 
had an extensive development relating both 
to the classification of games and to far- 
reaching conclusions concerning the various 
classes. 

One dichotomous classification is basic 
and leads naturally to the next phase of 
game theory. A two-person game may be 
“zero-sum” or not.’ In a zero-sum game the 
sum of the two pay-offs is zero in each out- 
come (what one wins, the other loses). In 
this case, the interests of the two players are 
diametrically opposed. Otherwise, this is not 
necessarily so. The theory of the game in 


6 This is so if the symmetries of the tic-tac-toe 
grid are not taken into account. Taking them into 
account drastically reduces the number of strate- 
gies, but raises the difficulty of describing them. 

7 Practically all the results of zero-sum games 
hold also for constant-sum games. Therefore this 
class may be referred to as ‘‘zero-sum.’’ Whenever 
we say non-zero-sum, we will mean non-constant- 
sum. 
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normal form is most complete for the 
zero-sum game. It rests on a fundamental 
theorem, which states that there exists 
either a strategy or a “probability mixture” 
of strategies* for each player, which enables 
him to do the “best he can” against an 
opponent. The long run outcome of this 
situation (where each plays the “best” strat- 
egy) is determined, in the sense that an 
expected value of the pay-off is determined. 
Each zero-sum game, therefore, has a 
‘“‘value” for each player—what he can expect 
as the average pay-off in the long run. The 
sum of the values is zero. This fundamental 
theorem can be taken as a prescription to the 
“rational” player of how to play under the 
natural assumption that he tries to maximize 
his expected average pay-off and that there 
is a definite upper limit to this pay-off set 
by the opponent’s effort to do the same. 
Each has a maximum “security level.’’ The 
associated strategy is called the ‘‘maximin.’” 

As a by-product of this result, indeed 
from intuitive considerations, we see that in 
«a two-person zero-sum game cooperation 
between the players in the sense of agree- 
ments on joint choices of strategy, is point- 
less. Moreover, attempts at cooperation, as 
in divulging to the opponent the strategy 
one intends to use, can only harm a player, 
because such information can be used by the 
other to increase his pay-off beyond the 
security level and thus to depress the pay-off 
of the first player. 

When the game is non-zero sum, security 
levels can still be defined in the sense of 
guaranteeing minimum expected pay-offs, 
but it no longer makes unquestioned sense 
to use them as determinants of strategy 
choices, especially if communication between 
players is allowed. For in a non-zero game, 
the players may by mutual agreement play 
in such a manner as to raise both pay-offs 
above the security levels. The same situa- 
tion obtains generally in games with more 
than two players. Coalitions become feasible. 


8 A mixed strategy results if, in repeated plays, 
the choice of strategies is randomized with a cer- 
tain probability assigned to each strategy. 

® This modification of the original term, ‘‘mini- 
max,”’ consistently used by Luce and Raiffa, is 
useful where maximin and minimax strategies are 
not identical, as in non-zero-sum games. 


The concept of value (security level) 
then becomes the link between the normal 
form theory and the next level of game 
theory, dealing with the game in “char. 
acteristic function form.’’ Here the problem 
of strategy choices is by-passed. Of central 
interest is now the security level com- 
manded by each possible coalition, i.e, 
each subset of the N players, when their 
strategies can be pooled so as to guarantee 
the security level for the coalition. Again 
certain natural “taxonomies” of games 
suggest themselves. The theorems then 
deal with certain properties of the classes 
of games thus obtained. 

We are now in a position to spell out more 
explicitly the achievement of game theory as 
a creation of the human mind. The major 
creative act is the transition from one level 
of abstraction to another with the result 
that, as in the cutting of the Gordian Knot, 
the rapidly multiplying difficulties are by- 
passed, a fresh start is made on another level, 
and the ‘‘conquest” of unexplored territory 
can continue, 

If the history of physics were somewhat 
different, one could cite an analogy. The 
actual historical sequence in physics was 
mechanics — thermodynamics — statistical 
mechanics. But if statistical mechanics had 
preceded thermodynamics, we would have 
had a development to which that of game 
theory is analogous. As one passes from the 
two-body problem to the N-body problem, 
the mathematical difficulties become un- 
manageable. One therefore abandons the 
mathematical framework of the N-body 
problem (a system of non-linear differential 
equations) and constructs another based on 
probability distributions of the variables. 
This amounts to using a “lower resolving 
power” to gain a larger field of vision. In the 
next step (thermodynamics) a still more 
drastic simplification occurs. The framework 
then becomes once again that of differential 
equations but this time of a different sort 
(partial linear of the first order) and the 
problems brought into focus are also of a 
different kind requiring a different conceptu- 
alization. The three areas are unified 
“‘philosophically,”’ because a chain of reduc- 
tion exists, leading from the level of low 
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resolving power of thermodynamics to that 
of higher resolving power of statistical and 
finally to that of classical mechanics. But 
the links of the chain, once established, (to 
provide philosophical gratification), can be 
forgotten. Each level can be treated by a 
theoretical framework appropriate to it, and 
the levels involving large fields of vision 
(low resolving power) need not be encum- 
bered by the concepts of the levels of greater 
resolving power. The situation thus remains 
intellectually manageable. 

This is just what happened in game theory, 
except that the transitions between the levels 
were made in the proper order. The magni- 
tude of the achievement can be judged by 
the fact that the grand design was presented 
in its entirety in a single work. The problem 
in the theory of games in extensive form is 
to describe the strategies, to classify them, 
and to classify the games according to the 
kinds of strategies available. The immense 
number of strategies soon makes this task 
unmanageable. One therefore takes the 
knowledge of the strategies and of their 
outcomes for granted and passes in the next 
formulation (the normal form) to the logic 
of strategy choices in generalized games. The 
possibility of coalitions in non-zero sum 
games and in games with more than two 
players soon makes this task unmanageable 
in turn; so one makes the conceptual jump 
once more: one takes the outcomes of the 
strategy choices of coalitions for granted and 
considers the logic of coalition formation. 
This is the level of the game in characteristic 
function form. In fact the characteristic 
function is a mapping of each possible 
coalition on to the security level which it can 
command. 

The difficulties of the extensive form are 
more technical than conceptual. The task of 
this theory is frequently to describe a parti ?- 
ular game as fully as possible. There is no 
question that an unambiguous description 
is always possible (since the rules are un- 
ambiguous), but of course for all but the 
most trivial games such a description is 
enormously difficult. The theory of zero-sum 
games in normal form is complete in the 
sense that the fundamental theorem (von 
Neumann’s Minimax Theorem) establishes 


the existence of a unique “solution” and in 
principle indicates methods for computing it. 
The latter problem may again be extremely 
difficult, but the difficulties are technical. 

From the point where game theory passes 
to non-constant sum games and to games 
with more than two players, conceptual 
difficulties begin to appear. And it is these 
difficulties that have led to developments of 
game theory which are especially important 
for behavioral science and, in my opinion, 
for a scientific approach to ethics. 


IMPLICATIONS OF RECENT 
DEVELOPMENTS 


I view the implications of game theory as 
falling into three (certainly overlapping) 
categories, the philosophical, the behavioral- 
scientific, and the ethical. I would put into 
the first category primarily the implications 
for the philosophy of science, those related 
to questions of method of theory construc- 
tion, in short questions related to the 
strategy and perhaps the esthetics of general 
theoretical research. These matters were 
taken up in the foregoing discussion, as, 
for example, in the description of the ‘“by- 
passing” technique, sg effectively used in 
the over-all formulation of game theory with 
its prodigious “leaps” from one level of 
analysis to another. 

The behavioral-scientific implications will 
be discussed next. These concern the emer- 
gence of specific research programs in 
behavioral science spurred on by questions 
which inadvertently arise in the pursuit of 
game-theoretical investigations. Here I can 
do no better than follow the superbly in- 
sightful “critical survey” of R. D. Luce and 
H. Raiffa (1957). The scope and character 
of this book is described by the authors 
themselves from the start. The scheme of 
development follows von Neumann and 
Morgenstern, i.e., starting with an exposi- 
tion of utility theory ( a necessary adjunct 
of game theory, though not a part of it), 
they present the outlines of the ‘extensive 
form,” then the “normal form,” first of the 
zero-sum, then of the non-zero sum games, 
with and without communication; then the 
characteristic function form. But, as the 
authors point out, the emphasis is different. 
Concepts, rather than mathematical details 
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and solutions of specific types of games, are 
at the center of interest. Moreover, the 
concepts selected for greatest emphasis are 
those that seem most germane for behavioral 
science. It can be maintained, therefore, with 
considerable justification, that the volume is 
a book on behavioral science, at least on 
theoretical behavioral science, particularly 
that aspect of it where inter-relations of 
distinct ‘interests’ (their coincidence and 
conflict) are considered to be the core of 
social behavior. 

It is, of course, impossible to make any 
serious book on game theory ‘“non-mathe- 
matical.” The omission of most proofs has 
served the purpose of by-passing arguments 
which would ordinarily be of interest only to 
mathematicians. This omission does not 
really make the book non-mathematical. For 
its thorough understanding, that is for the 
understanding of not only the problem 
areas defined, the examples, the wry humor, 
the arguments and counter-arguments for 
the various approaches, but also for an un- 
derstanding of the results and especially of 
the limitations of the results, ‘mathematical 
maturity” is necessary. This is a quality as 
impossible to define in terms of courses one 
should have “had,” as ‘emotional maturity”’ 
is impossible to define in terms of life experi- 
ences on which it presumably depends. 
Perhaps a few central mathematical notions 
can be pointed out with which an intimate 
familiarity is essential for the sort of maturity 
required. Fundamental is the notion of a 
function, whose domain consists of sets 
(rather than points or numbers, as in 
classical mathematics). Another is_ the 
notion of an existence proof, not only of what 
it is but a conviction of its importance. 
{Existence proofs are characteristically omit- 
ted or passed over in intermediate (under- 
graduate) mathematics. This de-emphasis 
does not detract from the acquisition of 
mathematical techniques but seriously re- 
tards mathematical maturity.] Finally the 
idea of seeking a mathematical function by 
listing its properties acquires an extremely 
prominent importance in game-theoretical 
investigations, especially in the efforts of 
those who have tried to transcend the 
limitations of game theory. 

e 


Those notions I believe to be the funda- 
mental mathematical equipment necessary 
(and, I suppose, sufficient) to read the 
volume with understanding. Techniques are 
not involved. I don’t remember seeing a 
single integral in the book; there are no 
involved equations to solve; and, as already 
mentioned, hardly any proofs. To force a 
metaphor, the presentation by Luce and 
Raiffa uses the full sophistication of mathe- 
matical grammar but does not involve an 
extensive mathematical vocabulary. 


Problems of the non-zero sum two-person 
game 

From the point of view of behavioral 
science, the really important conceptual 
problems begin with the non-zero sum two- 
person game in normal form. Let us examine 
one such problem. 

A behavioral theory may be descriptive 
or normative. A descriptive theory is one 
which makes generalizations of how people 
actually behave. A normative theory is one 
which tells how people should behave if 
certain standards of behavior are to be satis- 
fied. If these standards can be exactly speci- 
fied, so should behavior be in a normative 
theory. To take an example, consider a 
simple gambling situation, where a man is 
faced with two slot machines with different 
pay-off chances. It is known that in most 
cases, having established by experience that 
the pay-off chances are different, a man will 
distribute his bets between the two 
machines, playing the more generous ma- 
chine more frequently. A theoretical model 
which aims to describe this behavior would 
belong to a descriptive theory. If, however, 
one demands that certain standards be 
satisfied, for example, that the expected 
pay-off should be the largest possible, a little 
reflection shows that the more generous 
machine should be played exclusively. This 
is a conclusion of a normative theory. The 
discrepancy between the results of normative 
and predictive theories need not be dis- 
couraging to the behavioral scientist, for it 
provides him with a measure of how people 
depart from certain a priori established 


standards. Of course, if one chooses to iden- 


tify these standards with criteria of “ration- 
ality,’’ one will only too often be forced to 
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conclude that people are not rational. One 
should keep in mind, however, that rational- 
ity is largely a matter of definition of 
standards. 

On the level of the two-person zero-sum 
game, “rationality” can certainly be defined 
in a way that will enjoy wide-spread 
acceptance. In such a game, each player can 
guarantee for himself a certain minimum 
pay-off, and his opponent can effectively 
prevent him from getting more than this 
minimum (while guaranteeing the minimum 
for himself). The pair of strategies (pure or 
mixed) so determined are in “equilibrium” 
in the sense that it does not pay either 
player to depart from his strategy so chosen, 
if the other does not. Moreover, the pay-off 
to each is the same at all such equilibrium 
pairs, and the coordinates of the equilibrium 
pairs are interchangeable (hence the strate- 
gies can be independently chosen). Finally, 
there is no way that the players can jointly 
better their pay-offs (what one will gain, 
the other must lose), so that agreements 
between them are pointless. Under these 
circumstances, it certainly makes sense to 
say that game theory can assume the pre- 
rogative of a normative theory and prescribe 
to each player a “‘best”’ strategy.!° 

The situation is very different in non-zero- 
sum games. We will take as our first illustra- 
tion the much used example, called the 
Prisoner’s Dilemma, represented in normal 
form by a matrix of the following type: 


Bi Be 
| (9,9)  (—10, a 
a| (10,—10) (-—9,9) 

The rows of the matrix are the first 
player’s strategy choices; the columns the 
second player’s. The entries are the pay-offs 
(in utiles) to the players respectively. The 
“dilemma” comes from the discrepancy be- 
tween what “rationality” dictates and what 
is desirable and (presumably) achievable. 
“Rationality,” as always in game theory, 
means doing the best one can for onself, 
where “self” is an entity with a well-defined 

Luce and Raiffa do not think that game 
theory ever assumes this prerogative. I think this 
disclaimer derives from the ambiguity of “ra- 


tionality’? which emerges as soon as one passes to 
certain classes of non-zero-sum games. 


interest. It may be an individual or a co- 
operating group. We see that regardless of 
the second player’s choice, the first player 
does better by choosing a2: if the second 
player chooses 6;, then 10 is better than 9; 
if B2, then —9 is better than —10. Similar 
reasoning shows that regardless of the first 
player’s choices, the second player does 
better by choosing 62. The result of these 
“sure thing” choices is the entry (—9, —9). 
This is what “rationality” prescribes. But 
the choice (a1, 8:) with its pay-off (9, 9) is 
clearly more desirable for both players! 

If agreement is possible, then certainly 
the players should agree on (a;, 8;). The 
temptation to double cross rears its ugly 
head, since it is of advantage to each player 
to break the agreement (provided the other 
does not break it!). However, if respect for 
the rules of the game is assumed in game 
theory, we may as well suppose that the 
rules of agreement are respected. So let us 
by-pass the “ethical” problem for the time 
being. An interesting observation and an 
interesting question nevertheless emerge 
immediately. The observation is that “group 
rationality” is different from “individual 
rationality,” and not only in the well-known 
sense that the welfare of the group may 
sometimes demand “sacrifices” from the 
individuals in it, but in a stronger sense that 
departures from “selfish” decisions on the 
part of each individual actually result in 
greater individual rewards for both. This is 
often realized as part of “social wisdom,” 
but here-we have a rigorous, specific den.on- 
stration of this principle. The question which 
emerges, however, is more intriguing. Sup- 
pose the players cannot communicate (and 
so cannot explicitly agree on a joint policy). 
How should they act? 

The question, “How will they act?” 
pertains to descriptive theory. Such a ques- 
tion can be answered empirically. It can 
lead to interesting investigations, for ex- 
ample, having very many non-communi- 
cating pairs of players play games of this 
type, noting whether there are statistical 
regularities in the distribution of outcomes, 
correlating these results with the characteris- 
tics of the population sample (age, cultural 
background), varying the pay-off entries to 





58 ANATOL RAPOPORT 


see if shifts occur in the distribution of out- 
comes, etc., etc. 

But, I repeat, the intriguing question is 
that of the normative theory. How should 
the players act? The answer depends, of 
course, on the definition of “rationality.” 
But this zs the point. How should rationality 
be defined in this case? Can we accept the 
definition of rationality (based on “doing 
the best for one self’’) which leads to a result 
which definitely is not the best that each 
player can do for himself? 

The contention of Luce and Raiffa that 
game theory does not prescribe behavior is 
now understandable. In their estimation, 
game theory evades the issue. It only draws 
logical conclusions. Jf one extends the 
reasoning pertinent to the zero-sum game, 
namely the reasoning which leads formally to 
maximizing one’s “‘security level,” then the 
choice (a2, 62) is unavoidable. This is a sad 
conclusion, but some investigators accept 
it, as harsh “reality,’”’ perhaps. Thus Nash 
(1951), in his treatment of non-zero sum 
games in effect defines “‘solution” in such a 
way that (a2, 82) appears as the ‘‘solution”’ 
of the Prisoner’s Dilemma. Its unsatisfac- 
tory outcome is due to the impossibility of 
communication (hence of agreement) be- 
tween the players. For some, this settles the 
issue, but others have an uncomfortable 
feeling that “rational” players should, in 
contemplating the pay-off matrix, come to a 
tacit agreement to cooperate even in the 
absence of communication. 

Luce and Raiffa, also unwilling to let it go 
at that, persist in asking further questions. 
Suppose, they continue, the game is played 
not once but 100 times. Now each play of the 
game can be considered as a pair of moves 
in a super-game with 100 such pairs of 
moves. How shall the strategies of the 
super-game now be chosen? The distressing 
conclusion to which one is led in the analysis 
of the strategies is that the “Nash solution” 
of the super-game prescribes the choice 
(a2, Be) in all 100 plays! Here ‘common 
sense” is violated indeed. No provision is 
made for a tacit agreement between the 
players not even when many plays are avail- 
able, where such an agreement could be en- 
forced by ‘‘punishing”’ breaches in successive 
plays. Luce and Raiffa admit, however, that 


if they were to play Prisoner’s Dilemma 100 
times, they would certainly not play as the 
‘Nash solution” prescribes. In the role of 
player 1, they would “.. . punish 2 for each 
choice of 62 early in the game by using a 
series of a»’s, but at the same time we want 
to give him another chance to get into the 
(a;1, B:) routine...” The “human”’ aspect 
emerges: teachability and charitable under- 
standing (‘‘another chance’’) enter strategic 
considerations. The game is seen not as 
played by two programmed robots, in which 
the outcomes are tautologically predictable, 
but between beings “rational” in a sense 
other than defined in game theory. 

However, the ruthlessness of the game- 
theoretical orientation is again apparent in 
the end of the sentence just quoted: “ ... un- 
til we are ready to defect to a,’’ (Luce and 
Raiffa, 1957, p. 100). In other words, in 
Luce and Raiffa’s estimation, the coopera- 
tive advantage of the game, the pay-off at 
(a, 81) should be milked for all it is worth, 
until it is time to double cross the partner 
(who had been induced to cooperate!) 
in order to squeeze the last bit of advantage 
from the situation at the other’s expense!!! 

One could argue that game theory “ra- 
tionality” is not to be confused with mo- 
rality. Well and good. Let us try to leave 
morality out of it. However, in game theory, 
“rationality” is always equi-distributed. 
What one can figure out, the other can, 
If player 1 decides to cooperate to the very 
last, in order to ‘defect’? on the last play, 
so can player 2. This makes the last outcome 

1! Tt is really unfair to cast moral aspersion on 
the authors. It should be always borne in mind 
that the pay-offs in game theory are given in 
“‘utiles.’”? This means that all aspects of the situa- 
tion, including the moral ones of gaining at the 
other’s expense in terms of whatever the physical 
pay-offs may be, have been taken into account. 
And so the arguments, pertaining to the ethics, of 
“gaining a little while the other loses much” do 
not apply. If one is still not satisfied with the 
ethical implications of the game, Luce and Raiffa 
point out, one can conclude that ‘‘there ought to 
be a law’’ against such games. There frequently 
is! One should also not forget that the two players 
of Prisoner’s Dilemma may be anti-social charac- 
ters, whose successful collusion hurts others. In 
this sense, we ought to be thankful for the Nash 
solution which doesn’t let them get together. 

Perhaps this disposes of the ‘‘moral’’ argument. 
But the difficulty of defining “rationality,” as 
seen from what follows, remains. 
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{a2z, 82), While it could have been (a1, 8:). 
But let us accept it. This is “harsh reality.” 
But then if both know that “realism” will 
inadvertently take over on the last play, 
does this not reduce the strategic considera- 
tions to the first 99 plays? In these ‘“‘realism”’ 
will again prevail on the last play, and so on, 
until the whole cooperative house of cards 
collapses. ‘“‘Realism,” considered symmetri- 
cally, again leads to the unsanity of the Nash 
solution. 

There is a logical flaw in this reasoning, of 
course, reminiscent of the famous paradox 
of the condemned man and his thirty days.'* 
We will not pursue these questions further 
except to point out the moral. The results 
of game theory in certain contexts are 
intuitively unsatisfactory. One can, of 
course, accept the conclusions as tautologi- 
cally derived from formal assumptions. But 
if a link is contemplated with behavioral 
science either on a meaningful normative level 
or on a descriptive level, concepts outside of 
game theory must enter the picture, for 
example, certain assumptions concerning 
the assumptions which people either make or 
should make about each other’s behavior or 
likelihood of behavior. This brings in 
psychological notions and, one suspects, 
sociological and ethical ones (expectations). 
On the basis of such notions, it is easy to 
prescribe, in the sense of a normative theory, 
as follows for the players of Prisoner’s 
Dilemma: ‘‘Assume that the other wants to 
cooperate and will assume that you will 
cooperate. Remember that any conclusion 
you may make about the advantage of 
‘defection’ can also be made by your op- 
ponent.” 

The problem is, of course, to formalize 


12The man condemned to die on the gallows 
within thirty days requests that he be spared the 
expectation of being hanged ‘‘on the morrow.”’ 
The request is granted. The condemned man now 
argues that he cannot be hanged on the 30th day, 
because if he is alive on the 29th, he will be sure 
to be hanged ‘‘on the morrow,” contrary to agree- 
ment. Having established that he cannot be 
hanged on the 30th day, he argues that he cannot 
be hanged on the 29th, since being alive on the 
28th and knowing that he cannot be hanged on the 
30th will make him certain that he will be hanged 
on the 29th, again contrary to agreement. Repeat- 
ing the argument, he claims that he cannot be 
hanged at all. 


these assumptions as strictly as the assump- 
tions of game theory are formalized. This 
does not seem possible with the present 
conceptual repertoire of game theory. This 
is what is meant by the statement that the 
value of game theory is in its failure. The 
failure pinpoints the shortcomings. It re- 
veals at what points the concepts must be 
modified and extended, and it does so 
compellingly not on the basis of a priori 
convictions (prejudices) of what a given 
conceptual framework can or cannot do. 


Ethics in game theory 


The theme of the “ethical inadequacy” 
of game theory is picked up by T. C. 
Schelling (1958). Schelling attributes the 
inadequacy to the basic orientation of game 
theory toward the zero-sum game, in which 
cooperation is pointless. He illustrates his 
spirited critique with examples of non-zero 
sum games in which the ambiguous nature 
of “rationality” as (implicitly) defined in 
game theory, especially in the zero-sum 
game, becomes apparent. Schelling uses the 
geometric representations of two-person 
games throughout, a useful visual aid as well 
as a heuristic one. In these geometric 
representations, every pair of pay-offs 
represents a point in a _ two-dimensional 
space. The usual procedure in game theory 
is to include the pay-off pairs resulting 
from mixed strategies, so that the geo- 
metric representation of a two-person game 
becomes a continuous region in the plane. 
But it suits Schelling’s purposes to confine 
the discussion to pure strategies, and so his 
games are represented by sets of isolated 


points. He then distinguishes three classes of 


games: those in which the interests of the 
two players are always opposed; those in 
which they are always coincident; and those 
in which the interests are partially coin- 
cident and partially opposed. These he calls 
the mixed motive games. In their geometric 
representations, the opposed interests games 
appear as sets of points lying on curves 
always having a negative slope; the common 
interest games are portrayed by curves with 
positive slopes; the mixed motive games 
appear as sets of “scattered’”’ points. 

The first two types of games offer no 
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conceptual difficulties: in the first kind, 
cooperation is impossible, and so the “classi- 
cal” theory of two-person zero-sum games 
with its security level solution applies." 
In the second kind, the advantage of co- 
operation is obvious. Even in the absence of 
communication, the players will choose the 
strategy pair which will give maximum pay- 
offsto both. In the mixed motive game, which 
Schelling maintains, represents the majority 
of real life situations, including social strife, 
war, etc., the zero-sum oriented concepts of 
game theory fail not merely from the moral 
point of view but also from the point of view 
of a reasonable normative theory of any 
kind. The fact remains that in a game of the 
Prisoner’s Dilemma type two “irrational”’ 
players do better than two “‘rational”’ ones. 
Yet the situation is not hopeless, Schelling 
implies, if some aspects of real human 
behavior are taken into account. As an 
example he considers the game _ repre- 
sented in Figure 1. The rules are as follows: 
Player 1 is to choose a horizontal coordinate; 
Player 2 a vertical coordinate, each choice to 
be made in ignorance of the other’s. If the 
pair of coordinates so chosen is represented 
by a point in the diagram, the pay-offs are 
the respective coordinates. If they are not, 
the pay-off is (0, 0). Now player 1 would like 
8 Strictly speaking, even here cooperation is 
sometimes possible, since not all such games are 
constant-sum. If utility is transferable, one player 
can agree to take less, if the gain of the other is 


greater than his loss, and if the other agrees to 
compensate him later. 


his pay-off to be the greatest possible; but 
he knows that player 2 would like the same 
for himself. Thus player 1 dares not choose 6, 
because if player 2 should also choose 6, 
the pair (6, 6), not being in the diagram, 
would throw the pay-off to (0, 0). Player 1 
know this and he knows that player 2 knows 
this, etc. There is no way out but to trust 
implicitly to the good judgment of the other 
and to choose 5, hoping that the other will 
do the same. Is this choice (5, 5) not some- 
how an “equilibrium solution,” something 
like the security level solution of the zero- 
sum game? Yet it is arrived at from con- 
siderations of cooperation 
competition; or rather by considering the 
interests of the other in a realistic sense. 
Moreover, this ‘‘considering the interest of 
the other” occurs without explicit communi- 
cation or agreement. It is dictated by the 
nature of the situation." 

Most. significantly, communication _be- 
tween the players might actually lead to the 
disadvantage of one or of both. To see this, 
suppose communication is allowed. Player 
1 might then inform player 2 that he will 
definitely choose 6. He has a “rational” 
reason for doing so. If player 2 does not 
“go along” and choose 4 for the pay-off (6, 
4), he will punish himself as well as his 
brow-beating partner. Not only that, but he 
will take a worse beating than he would if 
he “‘submitted.”’ But suppose player 2 thinks 
that player 1 is bluffing. So he also announces 
that he will choose 6. If both are stubborn, 
disaster will result. If one submits, he will be 
worse off than if communication were 
impossible. If they compromise, they will 
achieve the result that in all likelihood would 
have been achieved anyway without com- 
munication. Here is the situation where 
“communication” can actually throw a 
wrench into the machinery of tacit coopera- 
tion, by opening up the opportunities for 
making threats. (There are no such oppor- 


4 Some would argue that mutual consideration 
is irrelevant here. The point (5, 5) is chosen simply 
because it is the only ‘‘unique’’ point among the 
desirable ones and so offers the only hope of being 
chosen by both players. It would have been chosen 
even if the pay-offs were equal at all three. Yet 
the mutual-consideration argument, I feel, has 
something to recommend it. 


rather than 








he 


pe- 
he 
iis, 
yer 
vill 


iks 








CRITIQUES OF GAME THEORY 61 


tunities where communication is impos- 
sible!) 

On the other hand, communication is 
sometimes desperately needed, both if the 
parties have “good” intentions and if they 
have “bad” intentions. And communication 
here means not simply talking but the 
ability to talk so as to be believed. How can 
we convince the Russians, Schelling asks, 
that we don’t want to attack them? (Read 
“double cross’ in the context of the Pri- 
soner’s Dilemma game, where (a, 81) 
represents armed truce, (a2, 62) mutual 
attack, and the other two pairs represent 
unilateral attack.) On the other hand, if we 
have a “bad” intention (as seen from the 
opposing side), how can we be sure that the 
opponent believes our threat? If we are 
committed to “massive retaliation,” this 
commitment is disastrous to us as well as 
to them, if it is not believed. 

Here, then, are genuine problems. They 
are not new. They have been raised in psy- 
chology and in social science, and even the 
great works of fiction show insights which are 
akin to the recognition of these problems. 
But in game theory, the problems come es- 
pecially sharply into focus. The considera- 
tion of these problems becomes compelling 
as game theory reaches the end of its rope.'® 

To Schelling, these dielmmas appear as 
failings in the over-all philosophy of game 
theory, and these, in turn, he attributes to 
the zero-sum game orientation. To this one 
might make two points in reply. First, while 
it may be true that in its original formula- 
tion these problems were virtually by-passed, 
this was done because the non-zero-sum 
game appeared to von Neumann and 
Morgenstern largely as a situation which 
made for coalitions. By and large, they 
assumed the possibility of cooperation 
through communication, where such co- 
operation made any sense. Thus the Pris- 
oner’s Dilemma is not at all a dilemma in this 
context. Collusion being possible, the players 
agree on (a;, 8:1), and that’s the end of it. 
As for the situation depicted in Figure 1, 
von Neumann and Morgenstern’s answer is 
that the solution will be one of the points in 

% Schelling offers a formal treatment of the 


“balance of terror’ in a paper unpublished at this 
writing. 


the upper right hand part of the diagram. 
They call these points the “negotiation set.” 
This is the best the coalition can do. How the 
members will divide the spoils is their busi- 
ness. The actual result, say von Neumann 
and Morgenstern, will depend on the “bar- 
gaining abilities” of the individual mem- 
bers of the coalition. 

This, of course, is again ‘“by-passing.’’ 
Actually, it is hardly justifiable to accuse an 
investigator for not solving a problem he 
has not undertaken. Not that there is any 
insinuation of such an accusation on the part 
of Schelling. But Schelling does seem to 
criticize game theory as an approach to 
behavioral science either for by-passing these 
problems or for illuminating them with a 
wrong kind of light. 

The by-passing accusation (if it is actually 
implied, which is not entirely clear) is not 
justified. One needs only to peruse the litera- 
ture of game theory since the publication of 
the principal volume to see that the workers 
in that field did pursue the intricacies of the 
non-zero-sum game with spirit, ingenuity, 
imagination, and with a certain degree of 
success. This is evident in the approach to 
the “bargaining situation” of Nash (1950), 
Shapley (1953), Raiffa: (1951), and others. 
Very considerable effort has gone into de- 
fining and clarifying the problems so as to 
offer reasonable solutions. The solutions are 
“reasonable” always according to certain 
criteria, of course, but in what other sense 
can we speak of reasonable solutions? 

Whether or not the accusation of by- 
passing important problems was meant, the 
other accusation against game theory is 
made explicitly, namely that game theory 
has been a prisoner in the zero-sum game 
framework of thought. There is some evi- 
dence that to some extent some workers 
have remained within this limitation though 
whether this is a methodological short- 
coming is open to question. Nash, for ex- 
ample, has felt that the non-cooperative 
game (i.e., where collusion is impossible) is 
of more fundamental importance than the 
cooperative one. Accordingly he concen- 
trated much effort on the theory of non-co- 
operative non-zero sum games and also has 
tried to reduce cooperative games (where 
collusion is allowed) to non-cooperative ones. 
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In the work of some other investigators, 
e.g., Raiffa (1951), the mixed motivation 
game is treated essentially as consisting of 
two components, a zero-sum game (there- 
fore, fully competitive and non-cooperative) 
and a fully cooperative game. In this 
formulation, the opponents first jockey for 
an outcome in the sense of a zero-sum game. 
This outcome is unique, and therefore offers 
no ambiguities of the kind described above. 
Having done that, they cooperate fully to 
reach the final outcome, which is the best 
they can jointly do in the context of the 
preliminary zero-sum game solution. To 
take an example, suppose it is necessary to 
cooperate to get the largest joint pay-off but 
the division of this pay-off is something to 
fight about. Raiffa has shown how under 
certain conditions, the fight for the division 
can be cast into a zero-sum game. This being 
settled in the usual way, the erstwhile 
opponents can proceed to cooperate fully to 
get the largest rewards within the constraint 
imposed. This appears as an advantage from 
the point of view of a scientific investigation, 
because it removes ambiguities. But it 
brings up difficulties of another sort to be 
presently examined. 

Before we take up these difficulties, we 
may point out that this method of using the 
results of the zero-sum game even in mixed 
motive games with opportunities for collu- 
sion (to obtain a part of the solution) does 
not appear as reprehensible to some authors 
as it does to Schelling. Braithwaite, for 
example, (1955) makes an eloquent defense 
of this technique and offers the resulting 
solution as an example of arriving at a 
“fair play’? compromise by methods of game 
theory. In Braithwaite’s setting the pay-off 
matrix, taken as an example, is as follows: 


Play Not Play 
Play (1,2) (7, 3)} 
Not Play} (4,10) (2, 1) | 


The story behind it explains the labels of 
the strategies, ‘‘play’” and ‘not play.” 
Player 1 spends his evenings at home playing 
classical music on the piano; Player 2 plays 
jazz on a trumpet. The two live in the same 
house and are not acoustically insulated from 


each other. The pay-offs represent the re. 
spective measure of their preference for the 
four possible situations. The pianist would 
most prefer to play alone (7); next listen to 
the jazz trumpet (4); next he prefers silence 
(2); and what he likes least is to play the 
piano while his neighbor is tooting his 
horn (1). The trumpeter’s preferences are 
somewhat different. He too would prefer 
to play alone (10); next to listen to the 
pianist (3); next to play while the pianist 
is playing (2)—that is to say, he does not 
mind cacophony as much as the lover of 
classical music; while a silent evening is the 
worst for him (1). 

The question before us is what is a “fair” 
distribution of evenings so as to give as 
much satisfaction as possible to both, 
taking into account not only the preferences 
but also the ‘‘realities” of the situation, i.e, 
the “bargaining advantages’’ of the parties 
as reflected in the damage they can do to 
each other by violating any compromise they 
don’t like. Note that “the greatest good for 
the greatest number” is easier written into 
a political program than achieved in prac- 
tice. 

There is a way of coming to a “solution” 
of sorts in the sense of a zero-sum game. 
{ach has a certain “security level.” By 
randomizing the evenings so as to play ona 
certain proportion of them, each can be sure 
of this ‘‘security level,’’ i.e., a certain amount 
of satisfaction which he will get no matter 
what the other does. But these security levels 
are far below what can be attained by co- 
operation and a give-and-take compromise. 
Essentially it is a matter of deciding what is 
“equitable” and then getting as much as 
possible within the constraint imposed by 
this “equity.” 

The second part of the problem is easy. 
It is the first which raises the difficulties 
mentioned above. The choice of the “equity” 
solution involves a ‘comparison of inter- 
personal utilities.” Such a comparison is 
implied in the hackneyed parental justifica- 
tion of physical punishment: ‘It hurts me 
more than it does you.” In game theory, 
pay-offs are measured in “utiles,” and these 
are in principle operationally determinable to 
the extent that not only the order of prefer- 
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ences of an individual is defined but also the 
relative differences of the preferences can 
be measured for a given individual. But (and 
this is crucial) the zero point and the unit 
of this measurement are not fixed by the 
operational procedure. Therefore these are 
arbitrary. If so, the utility measures of 
different individuals cannot be compared. 
In the original formulation of game theory, 
this limitation has always been kept in 
mind, and so the theory has developed in 
such a way that its conclusions should not 
depend on comparisons of interpersonal 
utilities. Some authors extend this limita- 
tion to bargaining problems, but others, 
like Raiffa and Braithwaite, do not. They 
introduce rules for comparing interpersonal 
utilities. Different rules lead to different 
solutions for the equity problem. For ex- 
ample, Raiffa proposes to assign the value 0 
to each player’s worst choice and the value 
1 to his best choice and to distribute the 
other choices proportionately on this scale. 
This fixes a common scale. Braithwaite, 
however, proposes another scheme. He notes 
that each player has a ‘‘security level’’ which 
he can assure by a “‘maximin solution.” 
He can get more by playing a “minimax” 
solution,'® which makes sure that the other 
does not get more than his security level, if 
he sticks to his maximin solution. The same 
is true for the other player. Braithwaite’s 
“normalization” of the utility scales, as 
Luce and Raiffa point out, reduces to the 
following principle: the two gains thus 
obtained should be equal. This condition, 
as does Raiffa’s described above, fixes a 
common scale to the two utility measures 
but this scale is different from Raiffa’s. In 
each case, then, after the common utility 
scale has been established, the game can be 
treated as two games, namely a zero-sum 
game for determining equity, and a fully 
cooperative game to determine maximum 
pay-off to each within this equity. 

Raiffa’s arbitration scheme leads to a 
solution that allots 7 out of 23 nights to the 
pianist and 16 to the trumpeter; Braith- 
waite’s scheme gives the pianist somewhat 
more, 17 out of 43 nights (26 to the trumpe- 

% Here is the distinction between the ‘‘maxi- 


min” and the ‘‘minimax’’ mentioned above (ef. 
Footnote 9). 
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ter). The trumpeter is favored in both cases, 
presumably because his greater tolerance for 
noise gives him a greater bargaining ad- 
vantage. His “threat power” has been taken 
into account. 

We will have some general remarks to 
make about the treatment of bargaining 
situations by game theoretical tools in our 
conclusions. At this time, we will pass to the 
third and so far the-last level of game theory, 
centered on the problems of coalition forma- 
tion. 


Problems of coalition formation 


We recall that after the difficulties of 
describing a real game in- terms of its 
strategies (the extensive form) and those of 
finding equilibrium points of a game al- 
ready represented by its strategy repertoire 
(normal form) have been by-passed, game 
theory concentrates on the coalition prob- 
lem. Here the game theorist begins by con- 
sideringevery N-person game asa two-person 
game between two coalitions, indeed a zero- 
sum game, because a fictitious (N+1)th 


- player can always be added, to whom a 


pay-off accrues so as to make the total 
pay-off to the N+1 players always zero. 
The theory of the two-person zero-sum 
game being complete, it remains only to 
examine all the possible zero-sum games 
which can result from all the possible parti- 
tionings of the N players into two coalitions. 
Since every two-person zero-sum game can 
be characterized by its ‘“‘value”’ (i.e., the 
security level of one of the players), it 
follows that the N person zero-sum game 
can be characterized by assigning a value to 
each possible coalition. This assignation (of 
a number to each subset of the N players) is 
called the ‘characteristic function” of the 
game, and the game so described is said to be 
in the characteristic function form. 

The characteristic function being given, 
two questions can be asked immediately: 
(1) Assuming “rationality” in some sense, 
what coalitions are likely to form? (2) How 
will the coalitions apportion their joint 
pay-offs among the participants? (Note 
that it is assumed here that utility is a 
transferable, conservative, and infinitely di- 
visible commodity, something like money.) 
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One is tempted to answer the first question 
by saying that the coalition commanding 
the largest joint pay-off will form. This 
answer immediately leads to ambiguities. 
Suppose three people are to decide by 
majority vote how to divide a dollar. Any 
two can form a coalition and get the dollar 
between them. But since the division of the 
spoils is the ultimate inducement, cannot the 
third, outvoted player offer to take the short 
end of a 60-40 split to one of the others, if 
he will join with him? And if the other 
consents, cannot the deserted player offer 
70 cents to the one who has agreed to take 
60 cents or, better still, 50 cents to the one 
who has agreed to take 40 cents? No matter 
how the split occurs, always some better 
proposition can be made by somebody to 
somebody, so as to induce another arrange- 
ment. 

The sets of numbers which represent the 
final apportionment of the utiles (and 
satisfy certain reasonable conditions) are 
called imputations. One imputation is said to 
dominate another if some subset of the 
players can jointly gain in passing from the 
second to the first and can enforce the change 
by forming a coalition. “Dominance” sounds 
like an ordering relation, that is, an anti- 
symmetric, and a transitive one. But the 
dominance relation just defined is neither 
anti-symmetric nor transitive. Two imputa- 
tions may dominate each other, and there 
may be cycles of dominance. 

In spite of these logical difficulties, von 
Neumann and Morgenstern approach the 
problems of the N-person game with the cen- 
tral concepts of the imputation and of the 
dominance relation among imputations. They 
define as a “‘solution” of an N-person game 
the set of imputations, such that for every 
other imputation there is at least one in the 
set that dominates it, and no imputation in 
the set dominates any other one in the set. 

Ideally the concept of “solution” in a 
class of mathematical problems should 
satisfy an existence theorem and, preferably, 
a uniqueness theorem. For example, in the 
theory of differential equations, it can be 
proved that if certain conditions are satis- 
fied, every differential equation of a certain 
class has a solution, and, moreover, if cer- 
tain other conditions are imposed (boundary 
values), the solution is unique. 


The trouble with the von Neumann and 
Morgenstern ‘‘solution’”’ (from the point of 
view of the mathematician) is that an 
existence theorem for the general N-person 
game has not yet been proved, and moreover, 
when solutions are found, it is extremely 
difficult to impose ‘reasonable’ conditions 
which would single out a unique solution, 
When one recalls that even a “unique” 
solution is not an imputation but a whole 
set, which may be immense (or actually 
infinite), one is tempted to conclude that this 
aspect of game theory is powerless to predict 
anything about human behavior, even in 
the normative sense (by the criterion of 
“rationality”). Again it appears that extra- 
game-theoretical concepts must be invoked 
to extract more definitive conclusions either 
in the normative or in the descriptive sense 
about behavior in conflict situations. 

The subsequent theoretical development 
of the N-person game testifies to the accep- 
tance of this challenge. We will mention here 
only one such development, due to Luce 
(1954). Luce begins by imposing restrictions 
on the kind of coalition changes which may 
occur. In the original formulation, any re- 
shuffling of the players was admissible. 
This lack of restraint leads to the essential 
“instability” of any coalition. If, however, 
restraints are imposed, under which one 
partition can pass only into a limited number 
of others, say those which are “not too 
different”” from it, conditions of stability 
may be derived, and this stability applies 
both to a coalition partition and to an 
associated imputation. That is, the end 
result of an N-person game may be stabilized 
if there is no permissible coalition which can 
effect a change in the imputation so as to 
offer an inducement for its occurrence. 

Luce calls such restraints sociological 
assumptions. And so they are or, perhaps, 
socio-psychological ones. They call to mind 
a viscosity-like or an inertia-like or friction- 
like quality in social behavior, which we 
intuitively attribute to tradition, habit, 
limited scope of perceived alternatives, or 
ethical considerations. This theory of ¥- 
stability, as Luce has called his approach, 
has led to much more definitive “solutions” 
of the N-person games examined than the 
von Neumann and Morgenstern concept of 
“solution,” and besides, it has led to 
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experimental and field-observational inves- 
tigations (the latter in politics!) of most 
intriguing and promising nature. (Shapley 
and Shubik, 1954; Luce and Rogow, 1956). 
But of course all these developments could 
proceed only at the cost of introducing 
special assumptions and parameters into the 
theory. As attempts to make the theory 
empirically testable continue, these assump- 
tions must proliferate. The logical “skeleton” 
of the theory will disappear under a variety 
of “bodies,” the special theories, whose 
mortality, one suspects, will be very high. 
But the skeleton must always survive, for 
it is made of pure logic. Thus the inevitable 
failures of the special theories will not mat- 
ter. As long as the general theory exists, new 
attempts guided by it will continue and the 
promise of ultimate success will remain. 
The review here presented barely scratches 
the surface of the immensely rich develop- 
ments instigated by game theory since its 
sudden appearance as a major area of 
scientific investigation. It is, however, 
impossible to delve any deeper within the 
scope of a review article. 


CONCLUSIONS 


1. Game theory is an attempt to bring 
within the fold of rigorous deductive method 
those aspects of human behavior in which 
conflict and cooperation are conducted in the 
context of choices among alternatives whose 
range of outcomes is known to the fullest 
extent to the participants. 

2. The logical analysis of such situations 
has led to the creation of a conceptual 
apparatus whose tools are derived from 
branches of mathematics which hitherto 
had not been central in applications. It is to 
be expected, therefore, that an impact will 
be given to the development of those 
branches under the plausible assumption 
that possibility of applications plays an 
important part in the development of the 
relevant branches of pure mathematics. 

3. Certain problems appear to be incapa- 
ble of “solution” by game theoretical tools, 
except tautologically, i.e., where the criteria 
of what constitutes a solution are dictated 
by the possibility of obtaining an unambigu- 
ous solution. If these criteria do not jibe with 
what we feel to be relevant to the behavioral 
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situation, this points up certain inade- 
quacies of game theory. ad 

4. In attempting to rectify these inade- 
quacies, workers in game theory had to™ 
introduce concepts which seem to derive 
from psychology, sociology, and even ethics. 
They have always attempted, however, be- 
cause of the standards imposed by mathe- 
matical discipline, to axiomatize these con- 
cepts, so that they could be integrated into 
the formal method or rigorous deduction. 

5. The process of axiomatization, there- 
fore, tends to extend the scope of application 
of rigorous deductions to areas hitherto 
treated more or less intuitively. Examples, 
not described in our presentation for lack of 
space, are concepts of ‘“‘power,” of “social 
welfare,” of ‘“‘degree of belief,”’ of an “index 
of optimism,” etc. At times, this axiomatiza- 
tion seems destructive, as where it is shown 
that hardly any meaning can be assigned to 
certain venerable notions (the greatest good 
for the greatest number). But rigorization 
need not be destructive. It may lead to a 
re-thinking, to the imposition of certain 
conditions of validity, etc. In this compelling 
re-examination of social problems in a new 
light rests the greatest conceptual value of 
game theory and its derived disciplines. 

6. In my opinion, the findings of game 
theory are relevant to ethics. This is not 
meant, of course, in the vulgar sense, to 
say that “science can tell us what is right 
and wrong.” Rather game theoretical analy- 
sis helps uncover the tacit assumptions we 
make in our various conceptions of fairness, 
justice, etc. To take an example, Braith- 
waite’s arbitration of the problem of the two 
musicians exposes the basic assumption 
which defines fairness, namely a particular 
method of normalizing the utility scales. 
Nash’s, Shapley’s, and Raiffa’s arbitration 
schemes likewise lay bare the fundamental 
assumptions on which they are based. 
Traditional ethical systems are, of course, 
also often stated in terms of a few “prin- 
ciples,” but their terminology is usually so 
ambiguous that it is impossible to even agree 
on what are the controversial points which 
distinguish one ethical system from another. 
This has been amply recognized in our legal 
systems, where rules and procedures are 
spelled out so as to give to the extent that 
it is possible extensional definitions of jus- 
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tice. One may agree or disagree with these, 
but in attacking or defending specific laws, 
at least it is possible to delineate the areas 
of agreement and disagreement. I believe 
game theory does the same for problems 
involving both parallel and opposed _in- 
terests. In offering solutions, it spells out 
assumed principles of fairness as points of 
departure for disentangling complicated 
problems of settlement. Thus controversy 
can concentrate on these rather than on the 
particular solutions, where attitudes will be 
necessarily colored by the results. The ap- 
paratus of reasoning seems involved, but it 
is the lot of civilized man to become accus- 
tomed to involved reasoning. Today we 
think nothing of the complications which 
arise in computing insurance rates, com- 
pensation laws, taxes, etc., all based on 
mathematical assumptions, which some cen- 
turies ago were beyond the intellectual range 
of almost everybody. 

7. The applications of game theory are 
still few, certainly incommensurate with the 
extent of the theoretical development. But 
some are promising, and all are interesting. 
It is noteworthy that practically all applica- 
tions are on the second and third levels of 
abstraction. Situations where opponents 
have a choice of a limited number of spe- 
cifiable alternatives are cast into a game 
in normal form (as in applications to mili- 
tary strategy and economics); those involv- 
ing formation of coalitions are cast into a 
game in characteristic function form. As ex- 
pected, the latter have inspired several 
“political” models, allowing, for example, 
the calculation of power indices for indi- 
viduals, parties, caucuses, branches of multi- 
changer legislative bodies, etc. 

8. Although the results of these applica- 
tions have been anything but dramatic, one 
feels that conceptually all branches of be- 
havioral science have been greatly enriched. 
Certain developments in psychology are also 
worth mentioning. Experimental determina- 
tion of personal utility scales, for example, 
has blossomed out into a vital branch of 
experimental psychology. This development 
clearly owes its momentum to the impetus 
provided by von Neumann’s theory of 
utility, which he needed as an underpinning 


for the theory of games. One suspects that 
more significant applications await the in- 
flux into the field of more behavioral scien- 
tists who are imaginative, rigorous, and 
technically proficient. Imagination involves 
insight into what is relevant and fruitful, 
Rigor involves the ability to translate in- 
tuitive notions into formulations which ful- 
fill the requirements of a deductive science. 
Technical proficiency is know-how in han- 
dling the tools. 
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Following the French Revolution, scientists were pressed into the service 
of the Republic on a scale theretofore unequaled. Yet the learned academies 
were abolished by the Republic. There was enthusiasm about natural history, 
but the more abstract, theoretical, particularly mathematical, aspects of nat- 
ural science were seen as incompatible with the ideology of the Revolution. 
The complex mixture of adulation and hostility on the part of the Republic 
towards science is here exanined. 


SCIENCE IN THE FRENCH REVOLUTION* 


by Charles Coulston Gillispie 


Princeton University 


CIENCE presents itself to history under 

two aspects: first in its own evolution, 
and secondly, in its accommodation by cul- 
ture. Which is the more important is a ques- 
tion of perspective, and which the more in- 
teresting a matter of taste. The evolution of 
scientific ideas relates the progress of science 
to nature, and is the more elegant and pre- 
cise a subject. But its cultural history relates 
it to society, and it is that to which we are 
asked to address ourselves. I think it ob- 
vious that science, which is about nature, 
cannot be determined in its content by the 
social relations of scientists. At most it may 
be touched in style, in pace, and—within 
limits imposed by the logical interdepend- 
ence of the sciences—in order of develop- 
ment. I should like to lay down, therefore, 


* This paper is the abstract of a book on the 
subject which the author has in preparation and 
which will carry a full documentation of the 
argument. It was written for a symposium on 
“Science and Society”’ offered to the 95th Annual 
Meeting of the National Academy of Sciences on 
28 April 1958, and is here reprinted from the 
Proceedings of that body, for 1958. A much fuller 
account of the part which deals with the Jacobin 
attack on science was presented before the Uni- 
versity of Wisconsin-National Science Foundation 
Institute of the History of Science in September, 
1957. That paper, ‘“The Encyclopédie and the 
Jacobin Philosophy of Science,’’ is in press in the 
symposium which records the acts of the Institute, 
Marshall Clagett, ed., Critical Problems in the 
History of Science (University of Wisconsin Press). 
The reader may turn to this for a preliminary 
(though considerable) documentation. To repro- 
duce the annotation here would burden this short 
paper very heavily indeed. 
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that I mean the term ‘French science’’ in 
the sense of scientific culture. 

The Revolutionary torment in France 
was the birth agony of our democratic 
world. It drew science, along with every- 
thing of public moment, into its own great 
double movement. On the one hand, from 
the fall of the Bastille in 1789 to the fall of 
Robespierre in 1794, the tide moved irre- 
sistibly leftward to culminate in the Jacobin 
Dictatorship of the First Republic. This 
was messianic democracy, the most pas- 
sionate attempt in history to realize moral 
ideals of virtue, of justice, equality and dig- 
nity, in political institutions, and to root 
them in nature. Once affairs were en- 
grossed by Jacobinism, science was bound 
to incur enmity. This is not because scien- 
tists were reactionary or unpatriotic. On 
the contrary, they pressed into service on 
a scale unequalled until the twentieth cen- 
tury. But in its intrinsic combination of as- 
surance and irrelevance, science stood across 
the cosmic ideals of the Republic in a posture 
nonetheless insulting for being unpremedi- 
tated. Without ceasing to be science and be- 
coming moral philosophy, it could not give 
the Republic the nature it needed, while the 
Republic to be true to its inspiration in the 
Enlightenment could ask no less. There- 
after—though on some matters simultane- 
ously—the Revolutionary movement in its 
second phase was, not so much back to the 
right, as forward—or inward—toward the 
integration of authority, the equalization of 
employments, the rationalization of insti- 
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tutions, and their summons to public serv- 
ice and (especially in the case of science) to 
education. 

Not only was the French scientific com- 
munity the most brilliant in the world, it 
was also the most highly institutionalized— 
a circumstance which permits us to be 
definite about its history. On the 8th of 
August 1793, on the rising curve of the 
Terror, the Jacobin Convention abolished 
the learned academies as incompatible with 
a Republic. Counter-revolutionary writers 
always describe this measure as a simple 
act of intellectual vandalism. Moreover, 
there is reason to think that the Academy 
of Sciences, despite its healthy condition 
compared to the humanistic academies, was 
the primary target. 

Three distinct themes recur in the cam- 
paign of slander. First, these writings express 
resentment for the new chemistry, directed 
expressly against the person and the influ- 
ence of Lavoisier, who was pursued by his 
detractors, not in the humble guise of 
chemist, nor simply as a financier, but as the 
arrogant spokesman and evil genius of 
science. (In France much scholarly labor 
has been expended to show that Lavoisier 
was executed as a tax farmer. And I always 
think it a reassuring—though somewhat 
puzzling—implication that the wanton exe- 
cution of a financier should be taken to 
present a less serious moral problem than 
the destruction of a scientist. But the 
distinction is unreal. Lavoisier won odium 
as he won reputation both for his science 
and his public work.) 

Secondly, a gentler sentiment appears, 
which might seem inharmonious amid the 
muttering hostility of the sans-culottes. En- 
thusiasm for natural history was unanimous. 
The paradox, however, was only apparent. 
For the Revolution, which suppressed or- 
ganized physics, provides institutional testi- 
mony to the deep instinct of romanticism to 
seek shelter in the humane metaphors of 
biology, which proposed organism rather 
than mechanism as the model of order. The 
Convention transformed the old Jardin du 
Rot into the modern Muséum d'histoire 
naturelle, and established twelve chairs of 
biological science. This was a truly munifi- 
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cent provision. It made possible the great 
age of comparative anatomy and the magnifi- 
cent tradition of experimental biology in the 
19th century. 

Finally, running through the attack op 
the Academy was a political assertion of the 
sort which rings of injured interests. Seij- 
ence was undemocratic in principle, not a 
liberating force of enlightenment, but 4 
stubborn bastion of aristocracy, a tyranny 
of intellectual—and especially matheméafi- 
cal—pretension stifling civic virtue and true 
productivity, drawing a veil of obscurity 
between nature and the people. 
Humanitarianism 

In objectifying, science alienates, and 
these were passionate outbreaks of the 
tension which must always exist between 
man’s science and his desire to participate 
morally and through consciousness in the 
cosmic process. They were responses loosed 
by social cataclysm, but conditioned by the 
terms in which Newtonian science had been 
presented to the Enlightenment. For the 
position was anomalous. Science basked 
and prospered, as everyone knows, in the 
atmosphere of its own prestige. But what is 
not appreciated is how it was compromised 
by the deep commitment of the Enlighten- 
ment to the moralization of Nature. 

Particularly was this so at the heart of our 
civilization, in France. For on the one 
hand, the Cartesian imperative to order 
and unity, confronted by all Newton’s 
loose ends, was what carried the rational 
genius of France to the leadership of sci- 
ence. That critical instinct for mathematical 
clarity and theoretical elegance saved French 
science, humanitarian though it was, from 
submersion in the Baconianism which vul- 
garized the English tradition, and it was 
certainly this which was responsible for the 
poverty of British achievement in the ab- 
stract reaches after Newton. But if French 
science had its head in the celestial me- 
chanics of Laplace, its footing was in the 
popular utilitarianism of the Encyclopedia, 
and this proved treacherous ground. For 
when that great undertaking is examined 
critically for its philosophy of nature, it ap- 
pears less as an instance of Newtonianism, 
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than as an attempt to draw its teeth and 
humanize it. In its theory of matter, in its 
enthusiasm for natural history, and in its 
half-Baconian, half-democratic sentimental- 
ity about humility and true knowledge in 
technology, that philosophy of nature pre- 
saged the pattern of events which engulfed 
the scientific community in the Revolution. 

In the Encyclopedia, for example, chem- 
istry is still subjective, an operational mode 
of communion with nature. It proposes to 
replenish the Newtonian destitution of mat- 


‘ter by addressing itself to the sympathies in 


nature, the active principles at work in the 


world, not to the mass of bodies but to their 


organization. Chemistry is intimacy with 
nature, the poor man’s manual metaphysics, 
whereby that artisan, in whose skills true 
wisdom lies, manipulates reality, not in the 
humiliating abstractions of mathematics, 
but with his own hands. “Chemistry unites 
the two tongues—the popular and the sci- 
entific.” This was the chemistry taught in 
public courses, where pharmacists learnt 
their art. In such eyes not only does Lavoisier 
insult and betray these hopes, but worse, 
the new nomenclature comes as a deliberate 
injury, making a mystery of the craftsman’s 
livelihood, reducing him to dependence on 
the scientist. 

This archaic chemistry of a world alive 
was congruent with Diderot’s implicit con- 
ception of the entire Encyclopedia, as an im- 
mense substitution of organismic concepts 
and technology for Newtonianism at the 
center of science. For Diderot—and after 
him the whole romantic tradition—rejected 
the claim of mathematics to be the lan- 
guage of science. Geometry falsifies by de- 
priving bodies of the qualities in which alone 
they exist for a sympathetic science. The 
mathematical spirit is worse than inhumane. 
It is arrogant, “prideful,” the science of the 
infinite. But Diderot was no Pascal to 
agonize over infinity. He dismisses it, with 
perfect nonchalance, as uninteresting. Since 
knowledge must have bounds, let them be 
at the limits of the useful. And Diderot 
restores the mind to the coziness of a finite 
cosmos by wrapping science tight around 
humanity. In place of the image of matter in 
motion through a Euclidean void, Diderot— 


the advance guard for Goethe and the 
romantics—substitutes the model of the 
universe as a cosmic polyp: time, its life 
unfolding; space, its habitation; gradience, 
its structure, which embodies the twin 
ideas of universal sensibility and evolution. 
Thus will biology supersede physics in a 
world we can fit. And Diderot uses a second 
metaphor: the swarm of bees. For the 
solidarity of the universe is social. On a 
cosmic scale, it is that community which 
the social insects know, and society becomes 
continuous with nature, the home of virtue, 
in an unbroken order—and reading this we 
see where Marx and all the social naturalists 
come from. 

In such a situation communication is di- 
rect, experiential. It does not lie through 
mathematics. It lies, instead, through crafts- 
manship, and so—as in Bacon—truth opens 
to the common touch and right method 
dispenses the ordinary man from the need 
for genius. To the dignification of craftsman- 
ship by science corresponds, therefore, a re- 
ciprocal democratization of science, one 
which entrained an inevitable cheapening of 
expectations. For this is the final conse- 
quence of that 18th-century humanitar- 
ianism which would retrieve from the cold 
abstractions of classical physics a science 
warming to man. It assimilates the whole 
of science to its applications, makes it only 
the rationalization of technology, and seeks 
in practice to obey Diderot’s injunction to 
keep man at the center—not only man but 
everyman. It proposes that dream of a citi- 
zen’s science which the Revolution turned 
into actual measures. 

All these ideas would never have broken 
out of the realm where such hopes and re- 
sentments always circle—except for the 
Revolution, when they provided the pat- 
tern in which statesmen responded to a po- 
litical campaign against science founded in 
real interests. It is obvious that the men who 
then came to power, their ears attuned to 
nature by Diderot and Rousseau, did not 
understand the conditions of scientific cul- 
ture. The murmurs of 1789 were a chorus by 
1793: Intellect is the enemy of liberty; 
erudition is unsuited to a Republic; Robes- 
pierre rejects Condorcet’s proposal to base 
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education on science, as tending toward an 
intellectual aristocracy, and prefers a Spar- 
tan education in civic virtue. And it is ob- 
vious that these misunderstandings arose 
from a peculiarly damaging moral enthusi- 
asm for nature. For any glimpse of science 
itself could come only with the shock of be- 
trayal of humane values, which—so the 
scientizing moralists had taught—derive 
through science from Nature herself. 

In this context, the Revolution gave the 
artisans of Paris their opportunity for a de- 
cisive offensive to reverse the aphorism by 
which science governs the arts. A revolt of 
technology was one among the many rebel- 
lions swelling into Revolution. Specifically, 
the trouble went back to the Academy’s 
responsibility for refereeing the monopolies 
and subsidies by which the State encouraged 
invention. This invidious role earned the 
Academy deep Gallic hatred among the 
artisans whose work it judged. A quotation 
from their journal will give the temper—that 
of Carlyle’s revolutionary Paris. After dis- 
missing theoretical science as sophistical, it 
writes: 

The Arts are more sure and their 
beneficence more certain. How blame- 
worthy, then, are these abusive and tyran- 
nical organizations which violate the holi- 
est of liberties, the liberty of thought, of 
Inventive GENIUS; and which subject 
those truly privileged by NATURE—the 
artisans—to these obstructive regula- 
tions—to these harsh, impatient censors, 
whose ignorance and inquisitorial jealousy 
seeks first of all to humiliate and waylay 
real TALENT. 

How cruel and vexatious, are these 
exaggerated pretentions of academic bod- 
ies. How revolting, how destructive of 
industry, is this tyrannical control which 
WEALTH vests in these usurious vam- 
pires, these despotic drones, always ready 
to devour the honey gathered by the bees, 
and who take advantage of their position 
to engross even the hives. 

All of which they accomplish by reduc- 
ing artisans to degrading and ruinous 
occupations, fatiguing and repelling their 
zeal and courage by all manner of disgusts 
and frustrations— 
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In order to appropriate their inventions 
and ideas for themselves—to protect the 
pride of these privileged scientists, or to 
protect their interests in existing enter. 
prises. 

These were not people whom it was safe 
to have offended, and the fall of the Acad- 
emies set in train liquidation of the entire 
structure of French science. Rebellion was 
followed by purge. Direction of the metric 
project, for example, was assumed by a pro- 
visional committee composed of former acad- 
emicians. Prieur de la Cote-d’Or, a member 
of the governing Committee of Public Safety, 
sat for the regime and wielded its fearful 
authority. Like Carnot he was a military 
engineer who had indulged vague scientific 
ambitions with no success. There he sat, as 
a colleague of Laplace, Lavoisier, and La- 
grange, and he may not have felt at ease. On 
23 December, they—together with Coulomb 
and Delambre—were removed by a decree 
of the Committee of Public Safety. The 
ground was that the state must assign mis- 
sions only to men “worthy of confidence by 
their Republican virtues and hatred of 
Kings.”’ And from the acts of the regime, it 
is indeed possible to construct the Jacobin 
philosophy of science. It was clearly a fore- 
runner of the Marxians’, as was Jacobinism 
of Marxism. Theirs would be a science which, 
as to its technological aspect, would be a 
docile servant, and as to its conceptual, a 
simple extension of consciousness to nature, 
the seat of virtue, attainable by any in- 
structed citizen through good will and moral 
insight. ‘‘Let anyone be a savant who 
wishes”—in Cassini’s summary of the Revo- 
lution, (he had been ousted as Director of 
the Observatory by hisresearch assistants)— 
“QO Happy Liberty.” 

Throughout the period the spokesmen for 
science conducted its defense with neither 
skill nor dignity. One searches in vain for a 
single appreciation of science as a simple 
intellectual good. Instead, the Academy 
gave the case away and addressed vulgar 
Baconian platitudes about science and the 
trades to statesmen who were being told by 
the artisans themselves that science was 
throttling creative industry, and who had 
been taught by the Encyclopedia that it is 
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the practical man who knows, not ‘the | 


theorist. Lavoisier and the others spared 
no efforts to draw off the menaces of the 
popular societies of technology: they even 
joined and sat endlessly on platforms listen- 


ing to reports on silkworms and water- 


wheels, participating in proceedings which 
were a travesty of the Academy’s own tradi- 
tion. As the Academy’s days ran out, and 
these bodies moved in for the kill, Lavoisier 
desperately wrote speeches to put in the 


' mouths of sympathetic deputies—and then 


ran about the streets trying to find these few 
champions to send them to the Convention 
for some crucial vote. At the very moment 
of the Academy’s dissolution, Lavoisier 
warned that if France abused the devotion 
of her scientists, she would lose their services. 
Nothing of the sort happened, of course. Re- 
flecting on the behaviour of the scientific 
community under the Revolutionary and 
Napoleonic regimes, one is reminded of the 
Schumpeter thesis about the bourgeoisie 


_ needing a master. As if to refute Lavoisier— 


indeed, even as he moved ever closer to the 
guillotine—scientists were mobilized. They 
served brilliantly and performed prodigies 
in the famous effort of war production cele- 
brated in every textbook. France did not lose 
their services. Only science did. 

And yet, it is difficult to see how this 
mattered to science, deeply though it mat- 
tered to scientists. For a feature of the im- 
personality of science is that it does emerge 
from all the vicissitudes it inspires. Even 
the great tragedy of Lavoisier was personal, 
after all. It is fair to say that he had already 
made his contribution to science. Before ever 
he fell victim to the Revolution, he had al- 
ready begun to fall victim to that subtler 
fatality which turns the creative scientist 
into a statesman of science, into a public 
figure. 





Rationalism 


Moreover, the liquidation of the science 


_ of the old regime is only one aspect of its 


story in the Revolution. The other, the 
rationalist tradition of scientific interpreta- 
tion, though temporarily overwhelmed, had 
too its origin in the Enlightenment and 
came into its own after the fall of Robes- 


pierre. This was the tradition, after Locke, 
of the associationist—or the positive—psy- 
chology, according to which man is what he 
makes of his experience. It would base so- 
ciety, not on virtue, but on talent. It was 
the tradition, too, in which scientists (as 
distinct from philosophes) themselves par- 
ticipated—D’Alembert, Lavoisier, Condor- 
cet. And after Thermidor the authorities 
hastened to make amends. Upon the tabula 
rasa left by the Jacobins they erected a new 
set of scientific institutions: écoles centrales, 
the Ecole normale, the Ecole polytechnique, 
the medical faculties of Paris, Strasbourg, 
and Montpellier, the Conservatoire des Arts 
et Métiers. Only the Muséum ad’ histoire na- 
turelle emerged flourishing from the Terror. 
Other schools were revived: the Ecole des 
mines, the Ecole des ponts et chaussées, and 
the Collége de France. Finally, at the summit 
was created the Institut de France. Thus, 
France was endowed at one stroke with her 
scientific institutions, and the first genera- 
tion who taught and studied in them assured 
the restoration of her scientific leadership 
and its enlargement through the early 19th 
century. 

It was a remarkable effort, animated by 
a consistent philosophy, which was nothing 
less than to unify the sciences through a 
common conception of the nature of scientific 
explanation, and in so doing to link them, 
both institutionally and philosophically, to 
realization of the idea of progress. So for a — 
time science was conceived as a function of 
its educational mission. The Ecole normale 
assembled the first scientific faculty, to be 
taken over by Polytechnique, as distinguished 
a faculty man for man as has ever existed. 
For the first time, students were offered 
systematic technical instruction, directed 
toward engineering, to be sure, but on a high 
theoretical plane, and under the foremost 
men: Lagrange, Laplace, Monge, Prony, 
Berthollet, Guyton, Chaptal. The students, 
able and eager, chosen by competition, were 
immensely exhilarated by the sense of being 
conducted at once to the very forefront of 
scientific conquest, and at being told that 
the future of the Republic, which is to say 
mankind, depended on how they acquitted 
themselves in so exposed a situation. 








72 CHARLES COULSTON GILLISPIE 


But Polytechnique had an equal influence 
on its teachers. If one were to read only 
the research memoirs of the Institute in its 
first ten years, up to 1805, and compare 
them to those of the cld regime, one would 
conclude that French science had gone 
down with its Academy. Quite erroneously — 
for the explanation is that scientists were 
communicating, not primarily with their col- 
leagues, but with their students. Polytech- 
nique made scientists into professors—again 
for the first time. It brought Laplace back to 
Paris from the refuge he had taken in 1793. 
It brought Lagrange back to mathematics 
from the preoccupation which had enveloped 
him since completing Mécanique analytique 
ten years before. Monge drew his descriptive 
geometry together only for his course. So, 
too, did Laplace come to write the Systéme du 
Monde and the Essai sur les probabilités. Cu- 
vier’s Lecons d’anatomie comparée were given 
at the Collége de France. Lamarck first pre- 
sented the idea of evolution as the frame- 
work for his lectures at the Muséum. In 
short, the systematic treatise displaced the 
research memoir for a time. 

It was the necessity to reorganize science 
for teaching which produced this general 
movement of rationalization. In the phi- 
losophy of science, this movement takes its 
place between the Enlightenment and posi- 
tivism, introducing a displacement towards 
action, a great enrichment of detail, and 
a certain access of rigor. It involved all the 
sciences in a common preoccupation with 
method, with classification, with nomen- 
clature. The author of a treatise, at once 
investigator and professor, would address 
himself to his entire science, which he would 
expound according to whatever principles 
resolved it into a rational body of knowledge. 
He would present them, not just as an au- 
thority, but argumentatively, as an advo- 
cate. His claim to originality lay, less in this 
or that discovery, than in having discerned 
the principles. So Cuvier founds the method 
of comparative anatomy in the principle of 
subordination of parts. So Berthollet does 
not just state a concept of mass action—he 
makes it (unfortunately, as it happens) the 
principle which will rationalize chemistry 
according to affinities in the circumstances 
of reaction. I cannot, of course, undertake a 


rehearsal of all the scientific literature. But 
it is astonishing that nearly all the titles 
are variations on a single theme—for ex- 
ample, Prony’s “Philosophical Mechanies— 
or Rational Analysis of the Different Parts of 
the Science of Equilibrium and Movement.” 
“Philosophical” and ‘Analytical’ are the 
key words for underlying them all was an 
implicit conception of scientific explanation 
as a kind of cosmic education. 


In this light science itself is positive knowl- | 


edge, of course. It is its function in the world 
which is educational (or philosophical— 
the words are 18th-century synonyms) and 
its mode of procedure which is analytical. 
First science seeks to discern the elements of 
a complex subject. These once found, it 
ranges and classifies them according to the 
logic of nature underneath the welter of 
phenomena. Next, it establishes a system- 
atic nomenclature designed to fix the things 
in the name, cement the memory to nature, 
and fasten the idea to its object. So the 
human understanding will be led toward a 
rational command over every department of 
nature by following its inherent order. Sci- 
entific explanation, then, consists in resoly- 
ing a subject into its elements in the ob- 
jective world, in order to reassemble its 
images in the mind according to the prin- 
ciples of the associationist psychology. The 
inspiration was algebra. But the model was 
botany. 

In fact, of course, this confidence in the 
universality of analytic method rested on a 
semantic illusion. What is an algebraic 
process in Lagrange is simple taxonomy 
among the naturalists. But the difficulty 
was concealed by a very worthy commitment 
to the unity of science: to that kind of toler- 
ance and mutual respect which rescues com- 
munication from specialization by means of 
the comparative approach. So Monge gave 
credit to Linnaeus for his idea of grouping 
surfaces into natural families. So Bichat 
brings anatomy to the instruction of physi- 
ology by founding histology in the classifica- 
tion of tissues. So Berthollet looks to statics 
for the idea of chemical masses in equi- 
librium. It was Lagrange who had suggested 
to Lavoisier that the future of chemistry lay 
in turning it into a material algebra, and 
this truly was Lavoisier’s inspiration. 
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SCIENCE IN THE FRENCH REVOLUTION 


The force and range of the work were re- 
markable, then. I do not think it would be 
an exaggeration to call this French essay in 
rationalization the last thrust of the En- 
lightenment, by which the Enlightenment 
returned whence it had originated, and 
repaid the debt it had incurred to scientific 
culture a century before. It imparted a unity 
to scientific effort which it was not to know 
again. Not only so, but it may be that this 
is the last phase in the history of science 
which belongs to humanism. For as a matter 
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of principle, no one of these savants limited 
his vision by his science. “It is certainly,” 
wrote Cabanis (who founded moral phi- 
losophy in physiology), “a magnificent and 
beautiful conception, to consider all the arts 
and all the sciences as forming a com- 
munity, an indivisible whole, limbs from the 
same great trunk, united by a common ori- 
gin, and still more by the fruit they are 
destined to bear: the progress and happiness 
of mankind.” 


(Manuscript received July, 1958.) 


We commonly use ‘mental health’ as a term interchangeable 
with ‘mental illness,’ in the same euphemistic way that ‘public 
health’ generally refers to the prevention or control of disease by 
mass methods. The behavioral scientists who have joined the 
mental health team and are making an increasingly important 
contribution have expressed dissatisfaction with a primary focus 
on ‘sick behavior.’ They argue that a new and broader perspective 


is needed. 


—ManrieE JAHopA, Current Concepts of Mental Health 








ABSTRACTS OF CURRENT LITERATURE WITH INTERDISCIPLINARY IM- 


PLICATIONS 


Prepared by Members of the Staff of the Mental Health Research Institute 


HOoLuInGsHEAD, A. B. anp Rep.icu, F. C. 
Social Class and Mental Illness. 
New York: Wiley, 1958. 

The results of part of a large scale study 
of the relation between social and psychi- 
atric variables are reported in this volume. 
Supported by the National Institute of 
Mental Health, a team of workers from the 
Departments of Sociology and Psychiatry 
carried out a unique and formidable piece of 
work. 

They first set out to get a complete census 
of residents of New Haven that were under 
psychiatric care during a six month period. 
Information was gathered not only from fa- 
cilities in the immediate community but from 
psychiatrists and institutions in New York 
City, New England and some likely places 
even farther afield. The authors estimate 
that they did not miss more than fifty pa- 
tients in their census. For this group, infor- 
mation was gotten on diagnosis, length and 
time of treatment, vital statistics, and on 
social background. 

For comparison purposes, a 5% area 
sample of households in the total New Haven 
community was taken. An interview schedule 
elicited vital statistics and sociological infor- 
mation from every member of the sampled 
households. 

The community was stratified by a modi- 
fied Warner type scale into five classes. The 
many detailed aspects of mental illness were 
grouped under the following rubrics: Paths 
to the Psychiatrist; Prevalence of Disorder; 
Types of Mental Illness; The Treatment 
Process; Expenditures on Treatment. 


Two types of relations were tested for. 


The first was association between class posi- 
tion and aspects of mental illness, within 
the patient population. The second was a 
difference between the class distribution of 
patients and class distribution in the popu- 
lation with respect to these aspects of mental 
illness. 
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The mass of detailed findings in a study 
of this sort is, of course, huge. The general 
trend was a distinct and significant relation 
between class, and difference between pa- 
tient and population distribution, and these 
aspects of mental illness. 

The authors go on to discuss attitudes 
toward mental illness and treatment and the 
social implications of psychiatric practice. A 
further volume on family dynamics as they 
relate to these questions is promised. (AH) 


Merton, R. K. Priorities in scientific dis- 
covery: a chapter in the sociology 
of science. Amer. Sociol Rev., 
1957, 22, 635-659. 

Science is an institution which, like other 
institutions, has its characteristic values, 
norms, and organization. This is the back- 
ground against which the author examines 
disputes over priorities. 

Among the reasons which have _ been 
advanced to account for priority conflicts 
are: a) the zeitgeist often leads investiga- 


tors along similar paths of search—the | 


egotism inherent in the species accounts for 
their behavior when they meet; b) egotism 
being a more pronounced characteristic 
among scientists (who in fact choose science 
because it offers the possibility of fame) one 
should not be surprised at the frequency of 
priority conflicts in the field. 

The author states his views in the con- 
text that “basically they (fights over pri- 
ority) constitute responses to what are taken 
to be violations of the institutional norms 
of property.” The apparently paradoxical 
scene of meek and aggressive men engaging 
in the controversy is resolved by demon- 
strating that science’s institutional norms 
exert pressure on the individual scientist 
to assert his claim. That is, since originality 
is a supreme value in science (i.e., the ad- 
vancement of knowledge) recognition is 4 
motive derived from institutional emphases 
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rather than a desire for self aggrandize- 
ment. This fight for recognition engages 
not only the scientists involved but his fol- 
lowers and nation as well. For the resolution 
of the issue will reflect on his students and 
compatriots as much as they will on himself. 

A further aspect of the institutionaliza- 
tion of science is found in its reward system. 
Eponymy is the most coveted and enduring 
of such rewards. It is to be found in various 
forms: the attribution of paternity (e.g., 
Cuvier, Jenner, Comte), the naming of a 
specific form of a discipline (e.g., Euclidean, 
Boolean, Keynsian) and the incorporation 
of eponymous laws, theories and constants 
(e.g., Spearman, Planck). Other forms of 
reward consist of memberships in societies, 
prizes, etc. The historian whose task it 
often is to find Firsts often allocates recogni- 
tion to lesser figures in science thus pre- 
venting scientific knowledge from shedding 
its eponymous character. 

In contrast to the motive for recognition 
the institution imposes norms of humility 
on its members. The scientist is thus placed 
in a situation where he often views priority 
with ambivalence, since these two values 
often call for opposed sorts of behavior. 
Although examples abound, this last point 
is excellently exemplified by the Darwin- 
Lyell controversy. 

The emphasis on priority is often rational- 
ized as having functional utility. The 
author, however, clearly demonstrates that 
this utility is to be seriously questioned 
when we see priority becoming an end in 
itself. (SK) 


Rosy, R. T., anp Lanzerra, J. T. Work 
group structure, communication, and 
group performance. Sociometry, 1956, 
19, 105-114. 

The authors provide a rather refined 
model for the description of a group problem 
solving sequence at any one moment in time. 
Their first effort concerns a model for de- 
scribing the group’s position relative to the 
group goal as well as the projected direction 
of the group’s locomotion toward the goal at 
any one moment in time. In order to locate 
the position of a group the authors invoke 
the concept of a group task space. A task is 
represented by a space of multiple dimen- 


sions. Each dimension describes some con- 
dition of relevance to the welfare of the 
group. In a bomber crew, for example, 
these dimensions might consist of readings 
on the various flight instruments. The over- 
all situation of the group with respect to the 
task space, at any one moment, can then be 
represented by a point in the space, and the 
group’s objectives are represented by a 
target point which also lies within the task 
space. Locomotion of the representation 
point within the task space results from so- 
called response aggregates or sets of be- 
haviors by various group members. It is 
assumed that any point in the space together 
with a specified response aggregate de- 
termines a new point and that the path of 
these successive points represents the 
group’s task performance. It is also assumed 
that the group can select responses from a 
pool of response aggregates for potential 
application at each point. Selection of an 
effective response, it is pointed out, depends 
on accurate information regarding the 
group’s location in space (the so-called 
“orientation factor’), accurate information 
regarding the locomotion potential of a given 
response aggregate (the so-called “mapping 
factor”), and on the network of responsi- 
bilities of group members for transmitting 
information and for responding to infor- 
mation (the so-called “jurisdictional fac- 
tor’). 

The authors’ second effort concerns a con- 
sideration of the relationship between group 
structure and effective selection of a response 
from the response-aggregate at any given 
time. This consideration requires an ex- 
pansion of the representation of the group as 
a point and an examination of the structural 
relationships among group members and 
task variables. That is to say, a given point 
in the task pace now becomes a group in- 
formation-getting and group response-de- . 
cision process, and each dimension is now 
considered a source of information input. 
With regard to the latter, a dimension is 
assumed to be represented by a set of input 
observations which may be made by various 
group members. Observations may be made 
by any combination of group members. 
Given a specified observation O; and Os, say 
a reading on each of two instruments, it is 
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assumed that, for a given system, a response 
R, is indicated. The observations which can 
be made and the responses which are indi- 
cated for each observation or combination of 
observations may now berepresented by a so- 
called Observation-Response matrix. Turn- 
ing now to an analysis of group structure, a 
Personnel-Observation matrix, indicating 
the personnel in the group who act as sources 
of category information, may likewise 
be constructed. Similarly, a Personnel-Re- 
sponse matrix, indicating who is responsible 
for acting on each category of information, is 
constructed. By matrix multiplication a 
summary matrix is now derived which pro- 
vides, among others, the following psycho- 
logically meaningful dimensions. 

1. Total entries. The greater the number 
of different responses the group must make, 
and the more information needed for each 
response, the more complex the task. 

2. Main diagonal concentration. The rela- 
tive proportion of such entries to total 
entries can be considered an index of the 
independence between group members or, 
inversely, of their interdependence. 

3. Row and column variance. Entries 
along a row indicate the participation of an 
individual as a source of information, while 
column entries indicate his participation as 
a user of information. Thus variation in row 
and column totals provide a measure of 
specialization in functional terms as an ob- 
server or a responder. 

Experiments were performed with three- 
person groups. The experimental task in- 
volved adjusting several control switches in 
response to periodically changing informa- 
tion input. Communication between group 
members was by means of standard aircraft 
interplane circuit. Every subject had one or 
more switches with one ‘‘off”’ and three ‘“‘on”’ 
positions. Associated with each switch was a 
table of operating instructions which indi- 
cated the correct switch setting for various 
combinations of instrument readings. The 
task required the subject to process informa- 
tion, relay information to the appropriate 
subject, and execute proper control actions. 
The principal experimental variations were 
in the volume and distribution of informa- 
tion units to be relayed. In experimental 
section 1, four items of information had to be 


relayed; in section 2, three items; in section 
3, two items; and in section 4, one item. 

The authors report two main findings: 

1. A fairly well-defined gradient of dif- 
ficulty was found, increasing from highly 
“autonomous” structures to structures giy- 
ing maximum information relay. This find- 
ing held up over the entire range of input 
variables and degrees of training which was 
introduced in several experiments varying 
input. 

2. It was found that when several pieces of 
information must be obtained to operate a 
given control, it is generally more effective 
if the information can be obtained from a 
single source. The authors conclude from this 
finding that the limiting factor in the per- 
formance of groups is not so much the gross 
information capacity of the communication 
system as the inability of groups to set up an 
efficient system for phasing and actuating 
messages. 

The authors derive the following two 
hypotheses: 

1. Groups which deploy their personnel 
in such a way that a minimum of relayed 
information links are required will do better. 

2. Groups in which the actual information 
flow most closely corresponds to the arterial 
communication pattern will exhibit best 
performance. The authors hasten to add 
that these conclusions cannot be generalized 


to groups in which there exist ‘“mapping” | 


and “jurisdictional” problems in addition to 
the “orientation” problems here investi- 
gated. 

Roby and Lanzetta’s closing thought is to 
the effect that initial broad theorizing helps 
to define areas within which miniature 
systems may be constructed and specifies the 
recommendations which can be made from 
the miniature system analysis. (JWG) 


Szasz, T. S. Men and machines. Brit. J. 
Philos. Sci., 1958, 8, 310-316. 

The psychological and sociological im- 
plications of the analogy between men and 
machines are brought to the foreground in 
this article. Questions of purpose, control 
and values are the basis for the discussion. 

The author warns the reader about the 
danger of approaching the subject of the 
likeness between man and machine with an 
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emotional bias. The initial insult to man’s 
narcissism when man was first likened to 
animal was more than compensated for 
later by enormous progress in the biological 
sciences, made possible by this comparison. 
In the same way advances in the social 
sciences might be facilitated by the man- 
machine analogy, in spite of the fact that 
such an analogy may appear today “repul- 
sive’ to many. 

Machines are used with intent and pur- 
pose. They are thus controlled, either by 
man, by animals, or by other machines. In 
the case of man, the great complexity of 
the controlling forces acting on him obscures 
the fact that he, too, is controlled. We say 
that man is “free” because we find it im- 
possible to describe with sufficient clarity 
and brevity who controls him and how. 

The concept of “body schema” as a sup- 
posed basic difference between men and 
machines is discussed also. The “body 
schema,” i.e. the ego’s perception and con- 


ception of the body, is, according to a recent 
article by T. R. Miles, something men have 
and machines do not. This point loses its 
strength, Szasz asserts, if one considers the 
fact “‘that machines have no ‘body schema’ 
because men design machines to gain ‘prac- 
tical’ ends, whereas a machine with a ‘body 
schema’ would be one whose main job was 
to take care of its own ‘body’.” 

Another difficulty in finding a common 
ground for comparing men and machines is 
seen by the author in the fact that the intel- 
lectual of today, while accepting the fact 
that machines are useful for only one, or at 
best a limited number of tasks, resents the 
notion of his being good for any one thing. 
He feels that being tied to any particular 
goal makes him a “robot” or a “slave to a 
cause.”’ A clarification in this area is needed 
and might be achieved by analysing further 
the analogy between men and machines. 
(RT) 


In a global sense, people are considered happy if what they 
want from life is in harmony with what life offers. Due to events 
not of his own making, the individual may not be able to control 
what life offers. To say that he must feel well, happy, content or 
satisfied under all conditions of misfortune or deprivation assumes 
a naive belief in the moral justice of whatever happens to him. An 
individual’s happiness about whatever happens to him can hardly 
be judged to be a good measure of his mental health. In many 
situations, it is healthier to be unhappy. 

—ManrieE JAHopA, Current Concepts of Mental Health 
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How do business organizations make decisions? What process do they 
follow in deciding how much to produce? And at what price? A behavioral 
theory of the firm is here explored. Using a specific type of duopoly, a model 
is written explicity as a computer program to deal with the complex theory 
implicit in the process by which businesses make decisions. This model 
highlights our need for more empirical observations of organizational de- 


cision-making. 


MODELS IN A BEHAVIORAL THEORY OF THE FIRM™ 


by R. M. Cyert, E. A. Feigenbaum, and J.G. March 


Carnegie Institule of Technology 


ECENT attempts to develop a behavioral 
theory of the firm have focused par- 
ticularly on the internal characteristics of a 
business firm as a decision-making organiza- 
tion. They have used the rough framework 
of both the theory of competitive pricing 
and the modern efforts to extend that 
theory to situations of imperfect competition 
such as the case of oligopoly and duopoly 
where only a few, or possibly only two, firms 
supply a given market. They have, however, 
gone further in introducing as an important 
part of the theory the process by which 
business organizations make decisions. Since 
business firms are organizations, it has 
seemed reasonable a priori to assume that a 
theory of business behavior ought not to 
treat them as individual decision-makers. 
(Alt, 1949; Bushaw & Clower, 1957; 
Chamberlin, 1946; Cooper, 1951; Cyert & 
March, 1955; Cyert & March, 1956; 
Gordon, 1948; Papandreou, 1952; Wein- 
traub, 1942). 
Two major obstacles to the acceptance of 
such a theory of pricing are obvious. First, 


it must be shown that the theory is at least - 


as good as other existing theories in its 
ability to predict firm behavior (Friedman, 
1953). Convincing demonstrations on either 


* This paper is based on research supported by 
grants made by the Graduate School of Industrial 
Administration, Carnegie Institute of Technology, 
from the School’s research funds and from funds 
provided by the Ford Foundation for the study of 
organizational behavior. The authors owe a con- 
siderable debt to a large group of colleagues and 
students for their comments on the general ap- 
proach and specific models presented here. 
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side of this point are not available. In our 
judgment, a major portion of the effort in 
the next decade of research on pricing should 
be directed to answering this question (or 
to making it irrelevant). But we do not pro- 
pose to discuss the point in detail here. 
Second, a way must be found to deal with 
the complex theory implicit in the decision- 
making process approach. A major problem 
perceived by those sympathetic to a be- 
havioral theory has been the lack of a 
methodology suitable for handling the kinds 
of complexities that seemed to be needed 
(Koopmans, 1957). It is to this problem and 
to the development of a specific model to 
which we address ourselves in this paper. 
We show that a relatively complex model 
of the firm as a decision-making organization 
can be developed and used to yield econom- 
ically relevant and testable predictions of 
business behavior. The methodology in- 
volved is computer simulation. The model is 
one of a specific type of duopoly. As a rough 
test of reasonableness, we compare the pre- 
dictions of the model with actual data. Our 
hope is that the model will illustrate the 
promise of simulation as a technique of 
model building in economic theory and the 
behavioral sciences in general and at the 
same time demonstrate a general method 
for examining many of the concepts previ- 
ously discussed in more abstract terms. 


THE DECISION-MAKING PROCESS 


Recent theories of organizational behavior 
have emphasized several important charac- 
teristics of the decision-making process that 
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are dealt with awkwardly in the theory of 
the firm. First, organizational decisions de- 
pend on information, estimates, and expec- 
tations that ordinarily differ appreciably 
from reality. These organizational percep- 
tions are influenced by some characteristics 
of the organization and its procedures. The 
procedures provide concrete estimates—if 
not necessarily accurate ones (Cyert «& 
March, 1955). Second, organizations con- 
sider only a limited number of decision 
alternatives. The set of alternatives con- 
sidered depends on some features of organi- 
zational structure and on the locus of search 
responsibility in the organization. This 
dependence seems to be particularly con- 
spicuous in such planning processes as 
budgeting and price-output determination 
(Alt, 1949). Finally, organizations vary with 
respect to the amount of resources they 
devote to organizational goals on the one 
hand and suborganizational and individual 
goals on the other. In particular, conflict and 
partial conflict of interests is a feature of 
most organizations and under some condi- 
tions organizations develop substantial in- 
ternal slack susceptible to reduction under 
external pressure (Cyert & March, 1956). 

The concept of organizational or internal 
slack is used to describe a situation within an 
organization in which individual energies 
potentially utilizable for the achievement of 
organizational goals are permitted to be di- 
verted. The form of the slack may vary 
from a labor force not working at its full 
capability to overly large departmental 
budgets. The extent and regularity with 
which the organization meets its goals, es- 
pecially the profit goal, will affect the 
amount of internal slack. 

Our objective is to show how the general 
attributes of decision-making, some of 
which have been described above, can be 
introduced into a behavioral theory of the 
firm. Although our elaboration is an obvious 
abstraction of the details of procedures used 
in a complex organization, each of the 
processes specified can serve as headings for 
a further set of subprocesses. We have speci- 
fied a decision process that involves nine 
distinct steps: 

(1) Forecast competitors’ behavior. The 


fact that firms assume something about the 
reactions of their rivals is, of course, incorpo- 
rated in any theory of oligopoly. Our ap- 
proach is to build into the model some 
propositions about the ways in which organi- 
zations gain, analyze, and communicate in- 
formation on competitors. The concept of 
organizational learning, a process by which 
expectations of competitors’ behavior are 
modified on the basis of experience, is a 
major element in this formulation. 

(2) Forecast demand. We have attempted 
to build a model that can encompass de- 
scriptions of the process by which the de- 
mand curve (the relationship between the 
price of the product and the quantity which 
can be sold at that price) is estimated in the 
firm. In this manner, we are able to intro- 
duce organizational biases in estimation and 
allow for differences among firms in the way 
in which they adjust their current estimates 
on the basis of experience. 

(3) Estimate costs. We do not assume, as 
in the theory of the firm of economics, that 
the firm has achieved the optimum combina- 
tion of resources and the lowest cost per 
unit of output for any given size plant. We 
believe it is necessary to introduce the factors 
that actually affect the firm’s costs, esti- 
mated as well as achieved. 

(4) Specify objectives. As has been noted 
above, organizational ‘‘objectives’? may 
enter at two distinct points and perform 
two quite distinct functions. First, in this 
step they consist in goals the organization 
wishes to achieve and which it uses to deter- 
mine whether it has at least one viable plan 
[see step (5)]. There is no requirement that 
the objectives be co-measureable since they 
enter as separate constraints all of which 
“‘must”’ be satisfied. Thus, we expect to be 
able to include profit goals, share of the 
market goals, production goals, etc. (Simon, 
1955). Second, the objectives may be used 
as decision criteria in step (9). As ‘will be- 
come clear below, the fact that objectives 
serve this twin function rather than the 
single (decision-rule) function commonly 
assigned to them is of major importance to 
the theory. 

The order of steps (1), (2), (3), and (4) is 
irrelevant in the present formulation. We 
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assume that a firm performs such computa- 
tions more or less simultaneously and that 
all are substantially completed before any 
further action is taken. Since the subsequent 
steps are all contingent, the order in which 
they are performed may have considerable 
effect on the decisions reached. This is par- 
ticularly true with respect to the order of 
steps (6), (7), and (8). Thus, one of the 
structural characteristics of a specific model 
is the order of the steps. 

(5) Evaluate plan. On the basis of the 
estimates of (1), (2), and (3) alternatives 
are examined to see whether there is at least 
one alternative that satisfies the objectives 
defined by (4). If there is, we transfer im- 
mediately to (9) and a decision. If there is 
not, however, we go on to step (6). This 
evaluation represents a key step in the 
planning process that is ignored in a model 
that uses objectives solely as the decision 
rule. Certain organizational phenomena 
(e.g., organizational slack) increase in im- 
portance because of the contingent conse- 
quences of this step. 

(6) Re-examine costs. We specify that 
the failure to find a viable plan initially 
results in the re-examination of estimates. 
Although we list the re-examination of costs 
first here, the order is dependent on some 
features of the organization and will vary 
from firm to firm.’ An important feature of 
organizations is the extent to which a firm 
is able to ‘“‘discover’” under the pressure of 
unsatisfactory preliminary plans ‘‘cost sav- 
ings” that could not be found otherwise. In 
fact, we believe it is only under such pressure 
that firms begin to approach an optimum 
combination of resources. With the revised 
estimate of costs, step (5) occurs again. If 
an acceptable plan is possible with the new 
estimates, the decision rule is applied. 
Otherwise, step (7). 

(7) Re-examine demand. As in the case 
of cost, demand is reviewed to see whether 
a somewhat more favorable demand picture 
cannot be obtained. This might reflect 
simple optimism or a corsideration of new 


' Although we have identified these re-evalua- 
tions in terms of strict sequence, an alternative 
interpretation can be made in terms of intensity 
of search. 


methods for influencing demand (e.g., an 
additional advertising effort). In either case, 
we expect organizations to revise demand 
estimates under some conditions and differ- 
ent organizations to revise them in different 
ways. Evaluation (5) occurs again with the 
revised estimates. 

(8) Re-examine objectives. Where plans 
are unfavorable, we expect a tendency to 
revise objectives downward. The rate and 
extent of change we can attempt to predict. 
As before, evaluation (5) is made with the 
revised objectives. 

(9) Select alternative. The organization 
requires a mechanism (a) for generating 
alternatives to consider and (b) for choosing 
among those generated. The method by 
which alternatives are generated is of con- 
siderable importance since it affects the 
order in which they are evaluated. Typically, 
the procedures involved place a high pre- 
mium on alternatives that are “similar” to 
alternatives chosen in the recent past by the 
firm or by other firms of which it is aware. 
If alternatives are generated strictly se- 
quentially, the choice phase is quite simple: 
choose the first alternative that falls in the 
estimate space, that is the set of positions 
determined by the estimated demand and 
estimated cost curves. If more than one al- 
ternative is generated at a time, a more 
complicated choice process is required. For 
example, at this point maximization rules 
may be applied to select from among the 
evoked alternatives. In addition, this step 
defines a decision rule for the situation in 
which there are no acceptable alternatives 
(even after all re-examination of estimates). 

There are two important observations to 
be made about a theory having these general 
characteristics. First, as we increase the 
emphasis on describing in some detail the 
actual process by which the firm makes price 
and output decisions, we decrease the rele- 
vance of one of the major debates in the 
theory of the firm. Whether the firm maxi- 
mizes, ‘‘satisfices,’” or just tries to survive is 


2 “The key to the simplification of the choice 
process in both cases is the replacement of the 
goal of maximizing with the goal of satisficing, of 
finding a course of action that is ‘good enough’.”’ 
(Simon, 1957, pp. 204-205). 
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not the main issue (if indeed it is an issue 
at all). The emphasis on the process of 
making decisions in an organization obviates 
the need for the simple decision rules and 
simple models implicit in much of that 
controversy. 

The second point is a related one. Conven- 
tional mathematics is a somewhat awkward 
tool for developing the implications of a 
theory such as the one described here. It is 
no accident, therefore, that interest in de- 
tailed process models has grown with the 
development of the digital computer. Com- 
puter simulation is well suited to the com- 
plexities that are introduced when internal 
firm variables are utilized in the theory. The 
significance of simulation for business be- 
havior has been explored vigorously in the 
so-called ‘‘business games’? developed as 
business training devices; their potential for 
economic theory is at least as great. 


A SPECIFIC DUOPOLY MODEL 


The theoretical framework we have out- 
lined in the preceding section can be viewed 
as an executive program for organizational 
decisions. That is, we conceive of any large 
scale oligopolistic business organization as 
pursuing the steps indicated. A change in 
decision must (within the theory) be ex- 
plained in terms of some change in one of the 
processes specified. As we have noted above, 
such a conception of the theory seems to 
suggest a computer-simulation model rather 
than treatment in mathematical form 
(Cyert, Simon, & Trow, 1956). The ration- 
ale, of course, remains the same. We wish to 
explore the implications of the model. 

The intention has been to construct a 
plausible set of estimation and decision rules 
for different types of organizations, and to 
simulate on a computer the behavior of these 
firms over time. When we attempt to de- 
velop models exhibiting the process charac- 
teristics we have discussed above, it becomes 
clear that our knowledge of how actual firms 
do, in fact, estimate demand, cost, etc., is 
discouragingly small. We know with reasona- 
ble confidence some of the things that many 
firms do but at a number of points in the 
model we can make only educated guesses. 
Moreover, what knowledge we have (or 


think we have) tends to be qualitative in 


‘nature in situations where it would be 


desirable to be quantitative. 

Because of these considerations, the 
models of firms with which we will deal here 
should be viewed as tentative approxima- 
tions. They contain substantial elements of 
arbitrariness and unrealistic characteriza- 
tions. For example, we believe that each of 
the models as it stands almost certainly 
exaggerates the computational precision of 
organizational decision-making. In general, 
we have not attempted to introduce all of 
the revisions we consider likely at this time 
primarily because we wish to examine 
whether some major revisions produce 
results which reasonably approximate ob- 
served phenomena. 

The model is developed for a duopoly situ- 
ation. The product is homogeneous and, 
therefore, only one price exists in the market. 
The major decision that each of the two 
firms makes is an output decision. In making 
this decision the firm must estimate the 
market price for varying outputs. When the 
output is sold, however, the actual selling 
price will be determined by the market. No 
discrepancy between output and sales is 
assumed, and thus no inventory problem 
exists in the model. 

We assume a duopoly composed of an ex- 
monopolist and a firm developed by former 
members of the established firm. We shall 
call the latter, ‘‘the splinter,’’ and the for- 
mer, “the ex-monopolist” or, for brevity, 
“monopolist.”’ Such a specific case is taken 
so that some rough assumptions can be 
made about appropriate functions for the 
various processes in the model. The assump- 
tions are gross; but it is only through some 
such rough model that a start can be made. 
To demonstrate that the model as a whole 
has some reasonable empirical base, we will 
compare certain outcomes of the model with 
data from the can industry, where approxi- 
mately the same initial conditions hold. 

We can describe the specific model at 
several levels of detail. In Table I the skele- 
ton of the model is indicated—the ‘flow 
diagrams” of the decision-making process. 
This will permit a quick comparison of the 
two firms. In the remainder of this section 
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TABLE I 
Process MopeEt ror Output DEcIsion or Firm 











Compute conjectural variation term 
for period t as a function of actual 
reactions observed in the past 


1. Forecast: 








_—— 


| 

re : 
Competitor’s reactions | 
| 








2. Forecast: | Keep slope of perceived demand 
curve constant but pass it through 
| the last realized point in the 

Demand | market 
3. Estimate: | Cost curve for this period is the 


same as for last period. If profit 
goal hus been achieved two suc- 
cessive times, average unit costs 


* Average unit costs increase 





4. Specify objectives: Specify profit goal as a function of 
the actual profits achieved over 


Profit goal past periods 





5. Evaluate: | Evaluate alternatives within the 
| estimate space. If an alternative 
which meets goal is available, go 


to (9). If not, go to (6) 


Examine Alternatives 





Search yields a cost reduction. Go 
to (5). If after evaluation there, 
decision can be made, go to (9). 
If not, go to (7) 


6. Re-examine: 


Cost estimate 





Estimate of demand increased after 
search. Go to (5). If after evalua- 
tion, decision can be made, go to 
(9). If not, go to (8) 


7. Re-examine: 


Demand estimate 





Reduce profit goal to a level consist- 
| ent with best alternative in the 
estimate space us modified after 
(6) and (7) 


§. Re-examine: 


Profit goal | 





9. Decide: | Selection of alternative in original 

| estimate space to meet original 
goal, in modified estimate space to 
meet original goal, or in modified 
estimate space to meet lowered 
Set output goal 





of the paper we will attempt to provide 
somewhat greater detail (and rationale) for 
the specific decision and estimating rules 
used 

The decision-making process postulated 
by the theory begins with a “forecast” phase 
(in which competitor’s reaction, demand, 
and costs are estimated) and a goal specifi- 
cation phase (in which a profit goal is estab- 
lished). An evaluation phase follows, in 
which an effort is made to find the “best” 


*The computer program, developed in the IT 
language for the IBM 650 computer, can be ob- 
tained from the authors. 


alternative given the forecasts. If this 
“best” alternative is inconsistent with the 
profit goal, a re-examination phase ensues, 
in which an effort is made to revise cost and 
demand estimates. If re-examination fails to 
yield a new best alternative consistent with 
the profit goal, the immediate profit goal is 
abandoned in favor of ‘‘doing the best. pos- 
sible under the circumstances.’’ The spe- 
cific details of the models follow this frame- 
work. 


Forecasting a competitor’s behavior 


The model being analyzed in the paper 
assumes two firms in the market (a duopoly). 
As a result one of the significant variables in 
the decision on the quantity of output to 
produce for each firm becomes an estimate 
of the rival firm’s output. For example, 
assume the monopolist in period (é) is con- 
sidering a change in output from period 
(¢ — 1). At the same time the monopolist 
makes an estimate of the change the splinter 
will make. At the end of period ¢ the mo- 
nopolist can look back and determine the 
amount of change the splinter made in rela- 
tion to his own change. The ratio of changes 
can be expressed as follows: 


V = Qs. Al Qs 1-1 
B: Qm,t ia Qm.t—1 


where V,,,, = the change in the splinter’s 
output during period ¢ as a percentage of the 
monopolist’s output change during period ¢. 
Q..1 — Qe.t-1 = the actual change in the 
splinter’s output during period ¢. 
Qm.t — Qm.1-1 = the actual change in the 
monopolist’s output during period ¢. 
In the same way we have for the splinter 
the following: 


ig Qm.t ee Qm.t—1 Bae 1 








Qs. cee: Qs.t-1 ae Vinw.e 


The ex-monopolist. When the monopolist 
in period ¢ is planning his output, he must 
make an estimate of his rival’s output, as 
noted above. In order to make this estimate 
we assume that the monopolist first makes 
an estimate of the percentage change in the 
splinter’s output in relation to his own 
change, that is, an estimate of V..... We 
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have assumed that the monopolist will make 
this estimate on the basis of the splinter’s 
behavior over the past three time periods. 
More specifically we have assumed that the 
monopolist’s estimate is based on a weighted 
average, as follows: 


Vax = Vnt-1 + Ve[4(Vin ta ane Vim,t—2) + 
FU nico 5s! V m.2—2) + 
(Vin.t—3 pop Vin,t—s)] 


Where V;,.. = the monopolist’s estimate of 
the change in the splinter’s output during 
period ¢ as a percentage of the monopolist’s 
output change during period ¢, that is, an 
estimate of Vin.:. 

Note that (Vince): (Qm.t — Qm.t-1) is the 
monopolist’s estimate of the  splinter’s 
change in output, Q,,. — Qe.1-1. 

The splinter. We would expect the splinter 
firm to be more responsive to recent shifts 
in its competitor’s behavior and less atten- 
tive to ancient history than the monopolist, 
both because it is more inclined to consider 
the monopolist a key part of its environ- 
ment and because it will generally have less 
computational capacity as an organization 
to process and update the information 
necessary to deal with more complicated 
rules. Our assumption is that the splinter 
will simply use the information from the last 
two. periods. Thus Vi, = Viieu + 
(Ve.e-1 — Vs,t-2).4 In the same manner as 
above (Vi,1)°(Q.,1 — Qs.1-1) is the splinter’s 
estimate of the monopolist’s change in out- 
put, Qm,t oss Qm,t—1- 


Forecasting demand 


We assume that the actual market demand 
curve is linear. That is, we assume the mar- 
ket price to be a linear function of the total 
output offered by the two firms together. 
We also assume that the firms forecast a 
linear market demand curve (quite different, 
perhaps, from the actual demand curve). 
There has been considerable discussion in 
the economics literature of the frequent dis- 
crepancy between the “imagined”? demand 


4 Obviously we do not maintain that the form 
and parameters of these “‘learning’’ functions are 
empirically validated. The functions are some- 
what arbitrary but we hope not unreasonable. 


curve and the actual demand _ curve 
(Weintraub, 1942), and it is this concept 
that is incorporated in the model. The values 
of the parameters of the “imagined” demand 
curve are based on rough inferences from 
the nature of the firms involved. 

The ex-monopolist. We assume that, be- 
cause of its past history of dominance and 
monopoly, the ex-monopolist will be over- 
pessimistic with respect to the quantity 
which it can sell at lower prices, i.e., we as- 
sume the initial perception of the demand 
curve will have a somewhat greater slope 
than the actual market demand curve. On 
the assumption that information about 
actual demand is used to improve its esti- 
mate, we assume that the ex-monopolist 
changes its demand estimate on the basis of 
experience in the market. The firm assumes 
that its estimate of the slope of the demand 
curve is correct and it “repositions’’ its 
previous estimate to pass through the ob- 
served demand point. 

The splinter. We posit that the splinter 
firm will initially be optimistic with respect 
to the quantity which it can sell at low 
prices. That is, the initial slope (absolute 
value) of its demand curve will be somewhat 
less than that of the actual market demand 
curve. Secondly, we assume that. initially 
the splinter firm perceives demand as in- 
creasing over time. Thus, until demand 
shows a down turn, the splinter firm esti- 
mates its demand to be 5% greater than 
that found by repositioning its perceived 
demand through the last point observed in 
the marketplace. 


Estimating costs 


In the process for forecasting and realizing 
costs, we do not make the assumption that 
the firm has achieved optimum costs. We 
assume, rather, that the firm has a simplified 
estimate of its average cost curve, that is, 
the curve expressing cost as a function of 
output. It is horizontal over most of the 
range of possible outputs; at high and low 
outputs (relative to capacity) costs are per- 
ceived to be somewhat higher. 

Further, we make the assumption that 
these cost estimates are ‘“self-confirming,” 
i.e., the estimated costs will, in fact, become 
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the actual per-unit cost (Cyert & March, 
1956). The concept of organizational slack 
as it affects costs is introduced at this point. 
Average unit cost for the present period is 
estimated to be the same as last period, but 
if the profit goal of the firm has been 
achieved for two consecutive time periods, 
then costs are estimated to be 5% higher 
than “last time.” 

The specific values for costs are arbitrary. 
The general shape of the cost curves has 
been discussed in detail in the literature and 
studied empirically (Dean, 1951). The con- 
cept of organization slack has some im- 
portant implications for the theory of the 
firm and has been defined earlier. 

The ex-monopolist. The monopolist’s ini- 
tial average unit cost is assumed to be $800 
per unit in the range of outputs from 10% 
to 90% of capacity. Below 10% and above 
90% the initial average unit cost is assumed 
to be $900. 

The splinter. It is assumed that the com- 
petitor will have somewhat lower initial 
costs. This is because its plant and equip- 
ment will tend to be newer and its produc- 
tion methods more modern. Specifically, 
initial average costs are $760 in the range of 


outputs from 10% to 90% of capacity. . 


Below 10% and above 90% costs are as- 
sumed to average $870 per unit produced. 


Specifying objectives 

The multiplicity of organizational objec- 
tives is a fact with which we hope to deal in 
later revisions of the present models. For 
the present, however, we have limited our- 
selves to a single objective defined in terms 
of profit. In this model the function of the 
profit objective is to restrict or encourage 
search as well as to determine the decision. 
If given the estimates of competitors, de- 
mand, and cost, there exists a production 
level that will provide a profit that is satis- 
factory, we assume the firm will adopt such 
a course. If there is more than one satisfac- 
tory alternative, the firm will adopt that 
quantity level that maximizes profit. 
Whether even such a restricted maximiza- 
tion procedure is appropriate is a subject for 
further research. 

The ex-monopolist. We assume that the 


monopolist, because of its size, its substantial 
computational ability, and its established 
procedures for dealing with a stable rather 
than a highly unstable environment, will 
tend to maintain a relatively stable profit 
objective. We assume that the objective will 
be the moving average of the realized profit 
over the last ten time periods. Initially, of 
course, the monopolist will seek to maintain 
the profit level achieved during its monopoly. 
The splinter. The splinter firm will pre- 
sumably be (for reasons indicated earlier) 
inclined to consider a somewhat shorter 
period of past experience. We assume that 
the profit objective of the splinter will be the 
average of experienced profit over the past 
five time periods and that the initial profit 
objective will be linked to the experience of 
the monopolist and the relative capacities of 
the two. Thus, we specify that. the initial 
profit objectives of the two firms will be 
proportional to their initial capacities. 


Re-examination of costs 


We assume that when the original fore- 
casts define a satisfactory plan there will be 
no further examination of them. If, however, 
such a plan is not obtained, we assume an 
effort to achieve a satisfactory plan in the 
first instance by reviewing estimates and 
finally by revising objectives. We assume 
that cost estimates are reviewed before de- 
mand estimates and that the latter are only 
re-examined if a satisfactory plan cannot be 
developed by the revision of the former. The 
re-evaluation of costs is a search for methods 
of accomplishing objectives at lower cost 
than appeared possible under less pressure. 
We believe this ability to revise estimates 
when forced to do so is characteristic of 
organizational decision-making. It. is, of 
course, closely related to the organizational 
slack concept previously introduced. In 
general, we have argued that an organiza- 
tion can ordinarily find possible cost reduc- 
tions if forced to do so and that the amount 
of the reductions will be a function of the 
amount of slack in the organization. 

It is assumed that the re-examination of 
costs under the pressure of trying to meet 
objectives enables each of the organizations 
to move in the direction of the “real” mini- 
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mum cost point. For purposes of this model 
it is assumed that both firms reduce costs 
10% of the difference between their esti- 
mated average unit costs and the ‘real”’ 
minimum. 


Re-examination of demand 


The re-evaluation of demand serves the 
same function as the re-evaluation of costs 
above. In. the present models it occurs only 
if the fe-evaluation of costs is not adequate 
to define an acceptable plan. It consists in 
revising upward the expectations of market 
demand. The reasoning is that some new 
alternative is selected which the firm believes 
will increase its demand. The new approach 
may be changed advertising procedure, a 
scheme to work salesmen harder, or some 
other alternative which leads the firm to an 
increase in optimism. In any event, it is felt 
the more experienced firm will take a slightly 
less sanguine view of what is possible. As in 
the case of estimating demand, we assume 
that all firms persist in seeing a linear de- 
mand curve and that no changes are made 
in the perceived slope of that curve. 


The ex-monopolist. As a result of the re. 
examination of demand estimates, it js 
assumed that this firm revises its estimates 
of demand upward by 10%. 

The splinter. The assumption here is that 
the upward revision of demand is 15%. 


Re-examination of objectives 


Because our decision rule is one that maxi- 
mizes among the available alternatives and 
our rule for specifying objectives depends 
only on outcomes, the re-evaluation of ob- 
jectives does not, in fact, enter into our 
present models in a way that influences be- 
havior. The procedure can be interpreted as 
adjusting aspirations to the ‘“‘best possible 
under the circumstances.” If our decision 
rule were different or if we made (as we 
might prefer in future revisions) objectives 
at one time period a function of both out- 
comes and previous objectives, the re- 
evaluation of objectives would become 
important to the decision process. 


Decision 


We have specified that the organization 
will follow traditional economic rules for 














TABLE II 
INITIAL AND STRUCTURAL CONDITIONS FOR MODELS EXHIBITED IN TABLE III 

Initial Market Demand (unknown to firms)............................... p = 2000 — q 

Initial Perception of Demand Schedule by Ex-Monopolist........ . .....| DP = 2200 — 3q¢ 

Initial Perception of Demand Schedule by Splinter.................. .....| p = 1800 — q 

> | 

Ex-Monopolist’s Average Unit Cost sig 2s ven oe SMa x. a uA 

Splinter Average Unit Cost ag i get Mwaxs: Sota | hee 

“hem semnrnim Average Unit Cost. .. 0. oo ec kak cee ee se oe heel 700 

I 2055 5. oi cy 5 0 ik 2) sw asa b oa ee na EAI 2 3 9 CES | 400 

NN erie sf a cian has Ka GRA a Sh ARNE ORE EONS Kau awe eee | 50 

EE a IPR tC Ra Oe | 233 

Ne re gS arc aly ey Oo ne ok a ROR NAY ONGC RRES Ces 1500 

ON STR SEE OR PT REE TC ae 163 , 100 

I ah Sel So oi es. hn sk tw Ahan pn Mw Kio A Yee 20 , 387 

Conjectural Variations (Vn,: and V..«). be Rist piacteveuetoraed-o fs /Sivcavace off WAL OROGEL ORALLY 

Splinter’s over-optimism of demand in forecast phase | BM Ee ca ease b sia hw d-n vip | 5% 

% Splinter raises demand forecast upon re-examination...................| 15% 

% Ex-Monopolist raises demand forecast upon re-examination............| 10% 

Cost Reduction achieved in M’s and S’s search for lower costs............| 10% of costs above 
“real’’ min. av. unit 
cost 

% Costs rise attributable to increase in “‘internal slack”’.................. | 5% 

% Actual Demand schedule shifts to right each time period............... | 8% 

Constraint on changing output from that of the last period................ | +25% 

% of capacity at which firm must be producing before it may expand (subject 

a sa a nos beak eas | 90% 

% change in capacity, when expansion occurs...........................5] 
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TABLE III 
VALUES OF SELECTED VARIABLES AT 2-PERIOD INTERVALS 
| I Ill Vv VII Ix xI XIII XV 
Ae eee 
Market | 
Be ie, | 1,420} 1,710 | 2,196 | 2,763 | 3,283 | 3,927| 4,430] 4,942 
is 6 ste o'en cha ed | 290 311 262 | 205 209 195 303 466 
Ex-Monopolist | 
Aspiration OO os oiccce BOR 163,100 |165,671 |169,631 (176,800 |173,221 |178,385 |203,693 |246,746 
Conjectual Variations... ... | 0 0 -74 | —22.4 1.09 .74 .26 35 
aS OS oe RR ares 826 813 881 944 | 1,041 1,106 1,219 1,344 
TRS | 240) 251] 206; 153} 161) 150| 233| 363 
Number of Re-examination | | | 
SBE tec ah iss oi | 2 0) 0 | 3 0 | 0 0 0 
Competitor | 
Aspiration Level............ | 20,387 | 27,107 | 31,448 | 39,763 | 46,218 | 39,684 | 54,245 | 79,090 
Conjectural Variations...... .| 0 0 | 9.2 | —1.78 | —6.58 8.72 3.39 3.96 
YSU 025 Sa ee | 760 798 865 954 | 1,023 1,057 1,166 1,285 
ARES ee | 50 60 56 52| 48 45 70| 108 
Number of Re-examination | 
NS in hci guads | 0 0 | 0 3 | 3 0 0 0 
Profit Ratio | | 
Competitors Profits + Mo- | 
nopolists Profits........... Be aS ae .34 | .30 .30 .30 .28 
Share of Market | 
Competitors Output + Total | 
RRS 5s... SEA ES caesar | whe .19 ook 25 20 .23 .23 .22 
| 
| XVII XIX XXI XXIII XXV XXVII XXIX XXXI 
Market 
Ee clave nee | 5,425 | 3,722 | 2,785 | 2,573| 2,229/ 1,719| 2,286| 2,970 
NMR a ics ire cau crete | 713 914 855 534 360 335 250 140 
Ex-Monopolist | 
Aspiration Level.............'319,561 |348,006 247,445 |182,580 |157,664 |148,648 |154,010 |158, 120 
Conjectural Variations....... | .28 .30 | —.38 .05 .64 | —1.07 | 28.4| —1.40 
co lo a reas 1,482 1,634 1,801 1,986 | 2,085 1,710 1,609 1,436 
ee eer eee 566 703 658 369 207 193 143 80 
Number of Re-examination | | 
hs esas vines | 0 0. 0 0 1 | 3 0 3 
Competitor 
Aspiration Level............. (113,595 |121,973 | 86,083 | 60,742 | 37,977 19,272 | 28,402 | 37,123 
Conjectural Variations.......| 4.76 3.91 | 6.3 | —17.1 2.21; —.32 2.43 50.7 
eee CAC). ............. | 1,417 | 1,562 | 1,623) 1,790| 1,853 | 1,821 | 1,608] 1,669 
UES CGR ene as 147 211 | 197 | 165 153 | 142 107 60 
Number of Re-examination | | 
Steps Pee agi aie wid apiece wid wale hie an | 0 | 0 0 | 3 0 | 1 0 0 
Profit Ratio | | | 
Competitor’s Profit + Mo- | | | | 
nopolist’s Profit. .......... 26 | .30 | 34 | .68 | .98 | .74 75 .64 
Share of Market | | | 
Competitor’s Output + To- | | 
i ENE a ee i .21 23 | .23 ol | -43 | .42 .43 -43 
XXXIII | XXXV | XXXVII XXXIX | XLI | XLII | XLV 
Market | 
Sie an ce Bete 3,355 | 3,742 | 4,099 4,546 | 5,463 | 6,730 | 7,294 
DI cei n AS eh A Lo 218 | 340 529 735 | 777 727 1,126 
| 
































TABLE III, Continued 
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XXXTIT | XXXV | XXXVIT | XXXIX XLI | XLII XLV | 
Ezx-Monopolist | | 
Aspiration Level............. 159,060 179,859 |203,892 |239,045 |280,940 260,501 340,745 
Conjectural Variations....... 85 | 95 .96 .65 3.77 | 1.91 1.35 
CNG OS 62) Se a anor 1,363 | 1,502 | 1,656; 1,826 | 2,013 | 2,071 | 2,283 
ES TAR oe tere pcre anette 125 | 195 303 432 342 | 320 500 
Number of Re-examination | | 
SEE ee pape | 0 0 | 0 0 0 0 
Competitor | | 
Aspiration Level............. 38,627 | 53,005 | 77,001 |109,136 |164,566 266,512 396,911 | 
Conjectural Variations....... 1.32 1.31 | 1.32 2.3 —.8/ 3.16 .79 
GORE A). se eon 1,840 | 2,029 | 2,237 | 2,466 | 2,719 | 2,771 | 3,055 
SER SIRE he erie eS 93 | 145 226 | 303 | 435 407 626 
Number of Re-examination | | | 
Moai iia sede cn 0) 0 | 0 0 | 0. 0 0 
Profit Ratio | ! | 
Competitor’s Profit + Mo- | | | 
nopolist’s Profit. .......... 49} 49] 49 | 47 | .90 97 | 95 | 
Share of Market | | | 
Competitor’s Output + To- | | | 
|. 41 | .56 56,  .56 


GME PUIG es as oe eee es 43 43 





maximization with respect to its perception 
of costs, demand, and competitor’s be- 
havior. The specific alternatives selected, of 
course, depend on the point at which this 
step is invoked (i.e., how many re-evaluation 
steps are used before an acceptable plan is 
identified). The output decision is con- 
strained in two ways: (1) A firm cannot pro- 
duce, in any time period, beyond its present 
capacity. Both models allow for change in 
plant capacity over time. The process by 
which capacity changes is the same for both 
firms. If profit goals have been met for two 
successive periods and production is above 
90% of capacity, then capacity increases 
20%. (2) A firm cannot change its output 
from one time period to the next more than 
+25%. The rationale behind the latter 
assumption is that neither large cutbacks nor 
large advances in production are possible in 
the very short run, there being large organi- 
zation problems connected with either. 

The various initial conditions specified 
above are summarized in Table II, along 
with the other initial conditions required to 
program the models. 


RESULTS OF THE DUOPOLY MODEL 


We have now described a decision-making 
model of a large ex-monopolist and a splinter 
competitor. In order to present some detail 














of the behavior that is generated by the 
interacting models, we have reproduced in 
Table III the values of the critical variables } 
on each of the major decision and output 
factors.’ By following this chart over time, 
one can determine the time path of such 
variables as cost, conjectural variation, and 
output for both of the firms. More than any 
one thing, a careful study of this table will 
give a feeling for the major characteristics 
of the behavioral theory we have described. 

In addition, we have compared the share 
of market and profit ratio results with actual 
data generated from the competition be- 
tween American Can Company and its 
splinter competitor, Continental Can Com- 
pany, over the period from 1913 to 1956. 
These comparisons are indicated in Figures | 
and II.‘ In general, we feel that the fit of the 
behavioral model to the data is rather sur- 


5’ Market demand was varied in the following 
way: (1) The slope of the demand curve was held 
constant. (2) At each time period the intercept, } 
I,, was set equal to aJ;-,;. The value of ‘“a’’ was 
1.08 for periods 1-16, .90 for periods 17-20, 1.0 
for periods 21-26, and 1.08 for periods 27-43. 

6 One of the parameters in the model is the 
length of time involved in a single cycle. In com- 
paring the output of the model with the American- 
Continental data, this parameter was set at 12 
months. ) 
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Fig. I. Comparison of Share of Market Data. 
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prisingly good, although we do not regard 
this fit as validating the approach.’ 

It should be noted that the results in 
period XLV do not necessarily represent an 
equilibrium position. By allowing the firms 
to continue to make decisions, changes in 
output as well as changes in share of market 
would result. One of the reasons for the ex- 
pected change is the demand curve is shifting 
upward. Another, and more interesting 
reason, is that no changes have been made 
within the organizations. In particular, the 
splinter firm by period XLV is a mature 
firm, but the model has it behaving as a 
new, young firm. One of our future aims is 
to build in the effect on organization, and 
hence on decision-making, of growth and 
maturity of the organization. 

An examination of Table III indicates 
that the re-examination phase of the deci- 
sion-making process was not used frequently 
by either firm. This characteristic is the 
result of a demand function that is increas- 
ing over most of the periods. 

Whether this stems also from an inade- 
quacy in the model’s description of organi- 
zational goal-setting or is a characteristic of 
the real world of business decision-making 
is a question that can be answered only by 
empirical research. 


DISCUSSION 


One of the primary points that has been 
stressed here is the importance of the 
decision-making process for the theory of the 
firm. The implication of this position is that 
the decisions studied by conventional theory 


7 It should be clear that the validity of the ap- 
proach presented in this paper is not conclusively 
demonstrated by the goodness of fit to the can 
industry data. We have indicated that under the 
appropriate assumptions, models of firm decision 
processes can be specified that yield predictions 
approximating some observed results. However, 
the situation is one in which there are ample 
degrees of freedom in the specification of parame- 
ters to enable a number of time series to be ap- 
proximated. Although in this case we have reduced 
the number of free parameters substantially by 
specifying most of them a priori, the problems of 
identification faced by any complex model are 
faced by this one and will have to be solved. The 
general methodology for testing models that take 


the form of computer programs remains to be 
developed. 


can be better understood when variables re- 
lating to the internal operation of a business 
firm are added to the theory. Accordingly, 
we would hope that such a theory would not 
only lead to improved prediction on the 
usual questions but would also facilitate the 
investigation of other important problems, 
e.g., allocation of resources within the firm. 

The theory we have used differs from con- 
ventional theory in six important respects: 
(1) The models are built on a description of 
the decision-making process. That is, they 
specify organizations that evaluate competi- 
tors, costs, and demand in the light of their 
own objectives and (if necessary) re-examine 
each of these to arrive at a decision. (2) The 
models depend on a theory of search as well 
as a theory of choice. They specify under 
what conditions search will be intensified 
(e.g., when a satisfactory alternative is not 
available). They also specify the direction 
in which search is undertaken. In general, 
we predict that a firm will look first for new 
alternatives or new information in the area 
it views as most under its control. Thus, in 
the present models we have made the spe- 
cific prediction that cost estimates will be 
re-examined first, demand estimates second, 
and organizational objectives third. (3) The 
models describe organizations in which ob- 
jectives change over time as a result of ex- 
perience. Goals are not taken as given ini- 
tially and fixed thereafter. They change as 
the organization observes its success (or 
lack of it) in the market. In these models the 
profit objective at a given time is an average 
of achieved profit over a number of past 
periods. The number of past periods con- 
sidered by the firm varies from firm to firm. 
(4) Similarly, the models describe organiza- 
tions that adjust forecasts on the basis of 
experience. Organizational learning occurs 
as a result of observations of actual competi- 
tors’ behavior, actual market demand, and 
actual costs. Each of the organizations we 
have used readjusts its perceptions on the 
basis of such learning. The learning rules 
used are quite simple. This is both because 
simple rules are easier to handle than com- 
plex rules and because we expect the true 
rules to be susceptible to close approxima- 
tion by simple ones. (5) The models intro- 
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duce organizational biases in making esti- 
mates. For a variety of reasons we expect 
some organizations to be more conservative 
with respect to cost estimates than other or- 
ganizations, some organizations to be more 
optimistic with respect to demand than 
others, some organizations to be more atten- 
tive to and perceptive of changes in competi- 
tors’ plans than others. As we develop more 
detailed submodels of the estimation process, 
these factors will be increasingly obvious. 
In the present models we have not attempted 
to develop such submodels but have simply 
predicted the outcome of the estimation 
process in different firms. (6) The models all 
introduce features of “organizational slack.”’ 
That is, we expect that over a period of time 
during which an organization is achieving 
its goals a certain amount of the resources 
of the organization are funneled into the 
satisfaction of individual and subgroup ob- 
jectives. This slack then becomes a reservoir 
of potential economies when satisfactory 
plans are more difficult to develop. 

In order to deal with these revisions, the 
models have been written explicitly as com- 
puter programs. Such treatment has two 
major values. First, simulation permits the 
introduction of process variables. The lan- 
guage of the computer is such that many of 
the phenomena of business behavior that do 
not fit into classical models can be considered 
without excessive artificiality. Entering 
naturally into the model are cost and de- 
mand perceptions within the firm in relation 
to such factors as age of firm, organizational 
structure, background of executives, and 
phase of the business cycle; information 
handling within the firm and its relation to 
the communication structure, training, and 
reward system in the organization; and the 
effects of organizational success and failure 
on organizational goals and organizational 
slack. 

Secondly, simulation easily generates data 
on the time path of outputs, prices, etc. For 
that large class of economic problems in 
which equilibrium theory is either irrelevant 
or relatively uninteresting, computer meth- 
odology provides a major alternative to the 
mathematics of comparative statics. 

At the same time the models highlight our 


need for more empirical observations of or- 
ganizational decision-making. Each of the 
major steps outlined in the program defines 
an area for research on business behavior. 
How do organizations predict the behavior 
of competitors? How do they estimate de- 
mand and costs? What determines organi- 
zational planning objectives? In the models 
we have specified we have introduced em- 
pirical assumptions for such things as or- 
ganizational learning and changes in organi- 
zational aspiration levels. We have ignored 
several factors we consider quite important 
(e.g., informational biases stemming from 
variations in the communication structure). 
In the final development of the model these 
relationships must be defined from observa- 
ble characteristics of business organizations. 
We see three major directions for further 
research. First, we would hope that further 
attempts will be made to compare the results 
of the models with observable data. In these 
studies it will be possible to change such 
variables as have been indicated above and 
others that appear to be important in the 
model. Second, we need a great deal of work 
in actual organizations identifying the de- 
cision procedures used in such things as 
output decisions. Field research on organi- 
zations has frequently been extremely 
time-consuming and costly relative to the 
results it has produced, but we believe that 
research focused on the questions raised by 
the model is both necessary and feasible. 
Third, there is room for substantial basic re- 
search in the laboratory on human decision- 
making under the ¢onditions found in busi- 
ness organizations. Many of the major 
propositions in organization theory depend 
on evidence generated by studies in the 
laboratory and many of the mechanisms 
with which we have dealt can be profitably 
introduced into controlled experiments. 
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In light of the article “Pavlov, Freud and Soviet Psychiatry” 
by Lawrence S. Kubie, Behavioral Science, 1959, 4, 29-34, the 
following Associated Press dispatch which appeared in the New 
York Post November 26, 1958, seems especially timely. 


SOVIETS CALL FREUDIANISM ‘BOURGEOIS’ 


Moscow, Nov. 26 (AP)—Soviet psychiatrists and neurolo- 
gists have launched a drive against psychoanalysis, the news- 
paper Medical Worker reports. It said yesterday that the 
Academy of Medical Sciences has held a meeting “specifically 
on the ideological fight against contemporary Freudianism.”’ 

Professor D. Fedotov was quoted as saying (in a conference 
report); ‘“‘The center of contemporary psychoanalysis is the 
U. S., which is also the center of world imperialism.” He 
‘alled psychoanalysis ‘‘one of the most reactionary, pseudo- 
scientific expressions of bourgeois ideology.’ 








In an effort to shed some factual light on the part played by social and 
cultural factors in mental disorder, this author appraises the current status 
of research between socio-cultural variables and mental disorder by sum- 
marizing and evaluating recent empirical studies of these relationships. 
Consideration is given to demographic, ecological, cross-cultural, social 
stratification, and social mobility studies as well as to social factors and 


psychiatric treatment. 


SOCIO-CULTURAL FACTORS IN MENTAL DISORDER 


by Raymond G. Hunt 


Washington University 


I recent years discussions of mental dis- 
order have tended to ascribe increasingly 
greater importance to the part played by 
social and cultural variables in the determi- 
nation of such disorders. Yet a heavy pro- 
portion of the data upon which such pre- 
dilections are based have been strongly 
impressionistic and of unknown reliability. 
Of late, however, the volume of empirical 
investigations into such relationships has 
been steadily on the increase with the result 
that a comprehensive survey of this research 
can be expected to shed some factual light 
upon the topics at issue. 

The present paper, then, represents an 
effort to appraise the current status of re- 
search into the relationships between socio- 
cultural variables and mental disorder by 
drawing together in summary form and 
collectively evaluating a number of recent 
empirical studies of these relationships. Only 
investigations of those mental disorders 
traditionally and commonly labelled func- 
tional or psychogenic will be considered. 
So-called ‘structural’ psychoses, psycho- 
somatic disorders, alcoholism and _ addic- 
tions, and delinquency are not specifically 
treated. 


DEMOGRAPHIC STUDIES 
The oldest (as well as crudest) type of 
study relating social factors to mental dis- 
order is that which breaks down incidences 
of mental disorder according to gross demo- 
graphic variables (e.g., race, age, sex, etc.) 
in an effort to reveal any differential trends. 


96 


These studies have received ample review 
elsewhere (Felix & Kramer, 1953; Rose & 
Stub, 1955) so that it is unnecessary to treat 
them here at any length. In sum the findings 
of these researches may be roughly character- 
ized as follows: (The demographic incidence 
of schizophrenia has been found to be 
roughly the same as that of all mental dis- 
orders taken collectively [i.e., total incidence]. 
Hence the summary which follows applies 
both to total incidence and to schizophrenia 
alone). 

In general mental disorder is reported as 
more frequent among foreign born and 
Negro groups (especially when these groups 
form a minority within their residential loca- 
tion). They are less frequent in females than 
in males. The most frequent age at onset for 
schizophrenia lies within the age range 20-35 
(this range will be somewhat higher in the 
case of total incidence). Finally mental dis- 
order is, on the whole, more common among 
the unmarried (at least for males—there 
being some tendency for the reverse to hold 
for females). 

In manic-depressive psychosis virtually 
all the findings pertaining to schizophrenia 
and total incidence may either be reversed 
or are ambiguous as to direction. There are 
no reliable data on the Cemography of the 
neuroses. 


ECOLOGICAL STUDIES 


Among the most influential studies of 
social factors and mental disorder have been 
the early, pioneer ecological analyses of psy- 
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chiatric disturbance. Since, like the demo- 
graphic literature, these have already been 
adequately reviewed, by Queen (1940) and 
also by Dunham (1955), we shall no more 
than cite the general findings here. It is well 
to note first that ecological studies of mental 
disorder, by and large, amount to explo- 
rations of relationships between these dis- 
orders and a variety of environmental factors 
none of which is necessarily presumed to be 
of causal significance. However, such studies 
can, and have, operated as points of depar- 
ture for more particular investigation of 
possible etiological agents. 

Of the studies surveyed by Queen (1940), 
a total of four, all are generally consistent in 
finding that institutionalized mental patients 
(first admissions) come ‘“‘predominantly from 
areas of dense population, low economic 
status and high delinquency rates, most of 
which areas surround the central business 
district”’ (p. 203). This general pattern is, 
however, clearest in the earliest study of the 
group, the Chicago study by Faris and Dun- 
ham (1939). As Queen points out, ‘‘these are 
areas characterized by rooming houses, con- 
verted tenements, poverty and high death 
rates” (1940, p. 205). Further, mobility ap- 
pears high and social participation low 
within such districts. Such an ecological dis- 
tribution is especially evident for schizo- 
phrenia. 

On the other hand there is no good evi- 
dence for any kind of regular pattern for 
manic-depressives. What trends are present 
are similar to those concerning the demog- 
raphy of these disorders—i.e., opposite to 
those of schizophrenia. 


CROSS-CULTURAL STUDIES 


It is currently popular to suppose that 
gross and often qualitative differences in the 
incidence of mental disorder obtain between 
cultures. Weinberg (1952), for instance, as- 
serts that schizophrenia is less frequent in 
cultures that are homogeneous and have 
intimate contacts than in cultures which are 
heterogeneous and have impersonal and 
hostile contacts. Thus he assumes, along with 
Ruesch, Jacobson, & Loeb (1948), that 
stresses and strains of acculturation form 
“one source of illness.’’ However a review of 


the available literature strongly suggests 
that Demerath’s conclusion that “the rarity 
or absence of schizophrenia among truly 
primitive peoples generally has simply not 
been established” (1955, p. 221), may be 
safely generalized to include all forms of 
mental disorders. 

Indeed, Linton (1956), after a careful re- 
view of the literature supplemented by his 
own extensive anthropological experience, is 
able to identify only two types of psychoses 
which seem to be specifically localized: 
Witigo, a cannibalistic phenomenon found 
among certain North-Canadian Indians and 
Koro, a bizarre manifestation centering 
about a fear that the penis will withdraw into 
the abdomen and found exclusively among 
natives of the Malay archipelago. Moreover 
it is questionable whether these disorders 
represent, at base, unique pathologies or only 
a symptomatology closely conditioned by 
peculiar environmental complexes. 

Linton concludes that while symptoms 
may vary with the culture “all the funda- 
mental types of psychosis which are recog- 
nized by Europeans also occur in other 
societies’ (1956, p. 70) and proceeds to 
suggest a physiological basis for all psychosis. 
Further, whereas the behavior of neurotics is 
much more thoroughly culturally condi- 
tioned, it also appears to be universally 
present, again leading Linton to suspect an 
underlying constitutional base. 

Likewise Seward (1956) recognizes vari- 
ations in pathological manifestations from 
culture to culture (and also from era to era) 
but is unconvinced as to whether these re- 
flect variations in basic pathology. 

What systematic evidence is available 
does indicate differential incidence rates 
(between cultures) for specific disorders. 
These data are somewhat difficult to eval- 
uate however, for as Linton points out (1956) 
there are serious methodological problems 
inherent in cross-cultural comparisons. In 
the first place most non-literate societies 
have little in the way of facilities for the care 
of the mentally disordered. As a consequence 
systematic surveys are difficult to execute. 
Moreover, even an actual census of mental 
disorder among primitive groups may be 
misleading because it is likely “that only a 
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few harmless psychotics can survive for any 
length of time in a primitive society” (1956, 
p. 80). Consequently incidence rates may 
appear spuriously low among such groups. 
These difficulties are even more acute with 
respect to neurotics who, as Linton observes, 
can often get along fairly well in society and 
especially in simple societies, and hence not 
be recognized as ‘‘mental cases.” 

With these cautions in mind we may pro- 
ceed to a brief summary of the two most 
extensive surveys of the incidence of mental 
disorder in non-literate societies. One of 
these, Carothers (1953), concerns itself with 
African groups and the other, Stainbrook 
(1952), with Negroes of Bahia, Brazil. 

Total incidence among African tribes when 
compared with 1938 figures for England and 
Wales range from about four to about 100 
times fewer with an average rate about 10 
times less than the English. Roughly the 
same ratios hold for first admissions. 

With respect to sex differences in Africa, 
male psychotics are much more frequent 
than female. Regarding age incidence, Ca- 
rothers suggests that the young adult group 
forms a greater proportion of first admissions 
than is true in America. 

Turning to relative incidences of particular 
disorders the picture becomes quite uncer- 
tain as a result of the vagueness, arbitrari- 
ness and dependence upon gross behavioral 
symptoms of most diagnostic categories. 
Further the fact that nosological labels are 
frequently applied according to individual 
preferences of the diagnosticians complicates 
any comparative analysis terribly. 

Within the bounds of such limitations, 
Carother’s data indicate that paranoia and 
paranoid schizophrenia are relatively rare 
among Africans. Likewise neither manic nor 
depressive psychoses are common and when 
they do occur manic states greatly out- 
number depressives. 

Stainbrook’s data are comparable with 
and enlarge somewhat upon those of Ca- 
rothers. Of his hospitalized Brazilian patients 
about 80% came from rural areas. Lowe1 
class patients comprised 85% of the hos- 
pitalized cases, the rest being middle class 
(a finding comparable to results reported 
below). Stainbrook reports that among the 


institutionalized schizophrenics, even the 
catatonics were rarely as withdrawn as js 
frequently the case in European hospitals, 

In sum then, these studies provide eyi- 
dence of extensive cultural variability in the 
expression of mental disorder. However the 
general interpretation of the data, and es. 
pecially in regard to inferences concerning 
basic pathology, is far from certain. 


SOCIAL STRATIFICATION STUDIES 


Lately a variety of empirical investi- 
gations have appeared in the literature, 
many of them designed to elucidate further 
some specific implications of the previously 
mentioned ecological studies. Probably the 
most popular of these involves an exami- 
nation of relationships between various in- 
dices of social position (status) and mental 
disorders. Inasmuch as such studies have 
not recieved an extensive review elsewhere 
they are summarized here in some detail. 

Undoubtedly the most extensive and ele- 
gantly designed studies of this kind are those 
conducted by the interdisciplinary team 
headed by A. B. Hollingshead and F. C. 
Redlich at Yale.! These investigators first 
mapped out the class structure of the New 
Haven, Connecticut community and derived 
an Index of Social Position which yields five 
social class strata, each defined in terms of 
occupation, education and area of residence. 
A psychiatric census was then conducted to 
determine the number and kinds of patients 
in the community and a large amount of 
information was gathered on each patient. 
What is of particular note in the work of 
these investigators is the use of a normal 
control sample and control for population 
distribution of social class membership. 

The investigators take pains to point out 
that their results have reference only to diag- 
nosed or treated and not ‘‘true”’ incidences. 
Within such groups they report (1953) that 
as a whole the psychiatric population falls 
lower on the status scale as compared with 
the normal control sample. Moreover, net- 
rosis (total incidence) is more frequent in 
upper status groups and psychosis (total in- 


1 The results of these studies are now available 
in: Hollingshead, A. B. & Redlich, F. C. Social 
class and mental disorder. New York: Wiley, 1958 
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cidence) is more common among lower status 
groups. This latter finding is especially 
marked in regard to schizophrenia. 

Elsewhere Hollingshead and Redlich re- 
port the incidence of treated schizophrenia 
to be 11 times more frequent (even when 
adjusted for population distribution of class 
membership) in the lowest social class as 
compared with the highest (1954b). In still 
another paper (1954a) these investigators 
report the incidence of treated schizophrenia 
to be an inverse function of social class po- 
sition, prevalence increasing with descent 
down the status scale. 

Consistent with the New Haven studies, 
Tietze, Lemkau, & Cooper (1942a) find a 
greater incidence of schizophrenia among 
lower status groups. These authors also re- 
port manic-depressive psychosis to be more 
frequent among upper-class members. In 
addition they suggest a tendency for schizo- 
phrenia to be more prevalent in urban areas 
and manic-depressive disorders in rural areas. 
This last finding would of course be expected 
from the ecological studies cited previously. 

Frumkin (1955) examined 1192 male and 
347 female first admissions to Ohio hospitals 
and found rates of first admissions to be in- 
versely related to prestige and socio-eco- 
nomic status as these are reflected in occupa- 
tion. This picture was most evident with 
respect to the prestige dimension of occupa- 
tional status. 

In a similar study Clark (1949) classified 
12,168 cases of male first admissions to 
mental hospitals in Chicago into 19 occupa- 
tional groups ranging from ‘large owners 
professional” through “‘salesmen’’ to ‘errand 
and office boys.’’ He then calculated age— 
adjusted rates for each group, ranked each 
according to psychosis rate, income, and 
prestige and then computed rank difference 
correlations. Like Frumkin he found low 
psychosis rates to be associated with high 
occupational prestige and income and high 
rates with low occupational prestige and 
income (rho = —.75). Negro rates were 
generally higher than white rates. 

Similar correlations are reported when 
specific psychoses are taken separately with 
the exception of manic-depressive psychosis 
which correlated approximately zero with 


prestige and income. Hence, unlike Tietze, 
Clark finds no relation between status and 
manic-depressive disorders. 

With regard to the relationship between 
neurosis and socio-economic status, Rose and 
Stub (1955) conclude that there seems to be 
no generalized, consistent pattern though 
there are some suggestions of a positive rela- 
tionship between total incidence and occupa- 
tional status and income. 

Weinberg (1952), on the other hand, feels 
it to be possible that hysteria is more com- 
mon in the lower social classes and obsessive- 
compulsive reactions more prevalent among 
upper class groups. (There is however an 
extreme paucity of data bearing upon this 
question with the result that a definitive 
statement is hardly possible.) 

One final study might be mentioned 
though the reliability and generality of its 
findings are uncertain. Stevens (1954), deal- 
ing with children, reports a greater incidence 
of behavior problems (undifferentiated) a- 
mong lower class children. However the prev- 
alence of “withdrawn”’ behavior appeared to 
be greater among upper class children. 
Whether these findings are peculiar to the 
Stevens sample can only be determined by 
other investigations utilizing independent 
samples. At any rate the study of status fac- 
tors in the incidence of mental disorder 
among children appears to be a fertile field 
for future research. 

The results of stratification studies may be 
grossly summarized as follows: It seems 
reasonably well established that the total 
incidence of psychosis (and perhaps of men- 
tal disorders generally) is greater among the 
lower as compared with upper classes. This 
conclusion seems especially true of schizo- 
phrenia. The data concerning any status- 
specific differential in the incidence of manic- 
depressive psychosis and of the neuroses are 
contradictory and on the whole quite un- 
certain. It remains possible, however, that 
the results of these studies may be attenu- 
ated by unreliability of diagnostic proce- 
dures. It may be that whether a given 
patient is classified as, say schizophrenic 
when diagnosis is uncertain, will be in some 
measure a function of his social status. If 
this is true the studies reviewed above would, 
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in part at least, refer only to status factors 
in the diagnosis of mental disorder. 


SOCIAL MOBILITY STUDIES 


Another type of investigation, largely moti- 
vated by the earlier ecological studies, at- 
tempts to ascertain relationships between 
incidences of mental disorder and spatial or 
social mobility. Spatial or geographic mo- 
bility refers to movement from one place of 
residence to another while social or status 
mobility has to do with movement along a 
status dimension. For example, Tietze et al. 
(1942b) refer to the fact that previous (eco- 
logical) studies have shown various psy- 
choses, especially schizophrenia, to be more 
frequent in city areas where people move 
more frequently than in more stable areas. 
They then examined the records of 1022 
patients gathered from a previous study in 
Baltimore for incidence rates and mobility 
factors. . 

They report rates of psychosis, adult neu- 
rosis, psychopathic personality and child 
behavior problems to be highest among 
Jews, with Negroes generally lower than 
whites. Further, the highest prevalences of 
mental disorders occurred among people 
living for the shortest time in the same 
house. Moreover, intra-city mobility seemed 
more important than inter-community mi- 
gration. 

Hollingshead and Redlich (1954a) com- 
pared native-born patients as to place of 
birth and class position in an effort to deter- 
mine any relationship between status and 
geographic mobility. No significant relation- 
ship was found. 

In the same study Hollingshead and Red- 
lich compared the nativity of adult patients 
with that of the total population and found 
no notable differences. Hence immigration 
avould appear not to be a significant variable 
in mental disorder, as the Tietze et al. re- 
search would also imply. Hollingshead and 
Redlich also report no trend for schizo- 
phrenics to change their ecological areas of 
residence. Residential histories indicated 
that schizophrenic patients generally have 
lived in the same type of ecological area all 
of their lives. These findings do not contra- 
dict those of Tietze et al. cited above since 


it is still possible for an individual to change 
his domicile frequently but always remain 
within the same type of ecological area. 

With respect to social mobility, Hollings. 
head and Redlich (1954b) failed to confirm 
the hypothesis that schizophrenics were 
downwardly mobile. Ninety-one per cent of 
the patients studied were in the same social 
class. as their parents as determined by 
rating patient and parental status levels 
according to Hollingshead’s Index of Social 
Position (see above). Any discrepancy then 
would be an index of mobility. In fact these 
investigators report that among patients who 
do change their class position, most are up- 
ward mobile. 

In an effort to explore this last finding 
more fully, Hollingshead, Ellis and Kirby 
(1954) studied the differences in achieved 
social mobility (determined as above) be- 
tween non-patients, neurotics and psychotics, 
On the assumption that any differences 
would be clearer in non-adjacent classes their 
sample was restricted to classes III and V. 
Class III (higher) was found to be generally 
more mobile than class V and almost entirely 
upward. Neurotics were more mobile than 
non-patients and schizophrenics were most 
mobile of all groups (these relationships hold 
when adjusted for parental origin). From 
these results the authors infer neurotics and 
schizophrenics to be ‘‘over-achievers’’ or 
status-strivers. This latter conclusion is, 
however, as yet unverified. 

Ellis (1952) attempted to test the hypoth- 
eses that mobility is frequently inspired at 
least partly by emotional drives generated 
by unsatisfactory primary group relations 
and that mobility leads to further deterior- 
ation of primary group relations with ac- 
companying neurotic symptoms. Only the 
second of these two hypotheses will be con- 
sidered here. It should be noted, however, 
that Ellis attempts to take a step beyond the 
usual study in this area by suggesting a 
possible mechanism by which mobility in- 


fluences mental disorder (i.e., disturbances in | 


primary group relations). 

Movement in Ellis’ study is defined in 
terms of occupation, taken as an index of 
social status. She studied a total of 60 female 
subjects (career women) who were divided 
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into mobile (N = 27) and non-mobile (N = 
33) groups by comparing the status level of 
their own occupation with that of their 
fathers (both rated by North’s and Hatt’s 
method modified to accommodate women’s 
occupations). Mobility was then defined as 
a seale discrepancy between the two ratings 
of 10 or more points (in either direction). 
Finally each S was personally interviewed to 
obtain relevant data. 

Ellis found a significantly larger propor- 
tion of mobile women to have relatively 
severe psychosomatic (presumed) symptoms. 
These data were obtained by asking each 
respondent for a description of her health 
problems. In addition self-ratings of adult- 
hood happiness were obtained but failed to 
differentiate between mobile and non-mobile 
groups. Ellis concluded that her findings 
afford some support to the hypothesis tested. 
It would seem, however, that a more cau- 
tious conclusion is in order in the light of the 
fact that the evaluation of the respondent’s 
symptoms as psychosomatic was entirely 
subjective and because some question could 
be raised as to whether such symptoms are 
equatable with “‘neurotic tendencies.’’ More- 
over, the hypothesis concerning effects of 
primary group relations must be considered 
unverified. 

Summarizing then, there is evidence that 
patient groups generally tend to be more 
socially mobile (upward) than non-patients. 
Whether this tendency holds for all types of 
patient groups is not certain as yet. Spatial 
or geographic mobility may also be more 
frequent among patient groups though fur- 


' ther investigation will be necessary for con- 


firmation of this trend. It also appears that 
immigration and inter-city migration are 
unrelated to mental disorder. 


SOCIAL FACTORS AND PSYCHIATRIC 
TREATMENT 


While not strictly related to the question 
of the relationships between socio-cultural 
factors and the incidence of mental disorder, 
the volume of recent studies relating treat- 
ment of such disorders to social variables 
serves to round out the overall picture and 
also bears upon the interpretation of some 
of the findings reported above. 


In two studies of the treatment of schizo- 
phrenics, Hollingshead and Redlich (1954a; 
1954b) found the type of therapy given 
(psychotherapy, organic therapy, custodial 
care) to vary as a function of the patient’s 
social status. Upper class patients received 
psychotherapy more frequently and lower 
class patients rarely. Lower class patients on 
the other hand most frequently received no 
treatment (custodial care). Moreover, when 
treated, lower class patients were treated 
over a considerably shorter time span. In 
addition the lower class schizophrenic was 
more likely to end up in treatment through 
the instrumentality of the law and was also 
less likely to be in non-public treatment 
settings. 

Robinson, Redlich and Myers (1954) ex- 
plored these issues further with a N of 1963 
patients and confirmed the Hollingshead- 
Redlich results. They report that the upper 
class patient (all types) is most likely to 
receive psychotherapy (this refers to classes 
I and II and to a lesser degree III). The 
lower class patient in contrast will be more 
likely to receive organic treatment or no 
treatment, with classes IV and V most likely 
to receive no treatment at all. 

Thus it would appear that type of treat- 
ment is clearly a function of class position. 
This trend is especially marked when only 
neurotics are considered, is very marked for 
intoxications and addictions, and is clearly 
present in schizophrenia and paranoid con- 
ditions (Robinson et al., 1954). 

Similarly the type of psychotherapy given 
(psychoanalysis, analytic psychotherapy, 
eclectic therapy, relationship therapy, group 
therapy) was found to be a function of social 
position. Thus if psychotherapy was received 
at all, the lower class patient was most likely 
to receive group therapy and never full 
psychoanalysis which was virtually confined 
to the top status levels (Robinson et al., 
1954). 

Working in an out-patient setting, Myers 
and Schaffer (1954) studied the relationship 
between social class and psychiatric treat- 
ment in a setting where the only therapy 
done was psychotherapy and where the bulk 
of the caseload were neurotics. One of their 
purposes was to explore the possibility of an 
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economic interpretation of Hollingshead and 
Redlich’s results. The clinic involved limits 
its caseload to persons having annual in- 
comes of $5,000 or less and fees are nominal. 

Investigating a total of 195 patients these 
workers found that whether, after initial in- 
take, a patient was recommended for treat- 
ment was directly related to his social class 
position. Lower class patients were much less 
likely to be accepted for treatment and if 
accepted were unlikely to be seen by staff 
members high on a professional status di- 
mension. That is, upper class patients 
tended, on the whole, to be seen in psycho- 
therapy by staff or resident psychiatrists 
while lower class patients would be most 
likely seen by medical students taking a 
brief practicum at the clinic. 

In addition it was found that the higher 
the class position the longer the treatment as 
measured by number of interviews and the 
more intense the treatment as measured by 
frequency of interviews. These last findings 
would of course largely follow from the fact 
that the lower class patients who received 
psychotherapy received it at the hands of 
medical students each of whom remained at 
the clinic for only a brief time. Myers and 
Schaffer conclude that their results afford 
little comfort to an economic interpretation 
of such relationships. 

Auld and Myers (1954) have further con- 
firmed this relationship between length of 
psychotherapeutic treatment and social class 
position. 

Likewise Winder and Hersko (1955) found 
a moderate relationship between length of 
psychotherapeutic treatment and social sta- 
tus in a study of 100 male patients selected 
at random from a pool of 1250 patients in a 
V. A. mental hygienic clinic. Of these 100 
cases, 68 were diagnosed neurotic, 17 psy- 
chotic and 15 organic. Each was rated for 
social status according to Hollingshead’s 
scale. The investigators also report that of 
two types of psychotherapy offered in this 
clinic, analytic and relationship (supportive, 
etc.), higher class patients were more likely 
to receive analytic-type therapy. 

On the other hand, in a study of 248 
closed cases in a child guidance clinic, Hunt, 
Gurrslin and Roach (1958) found no rela- 
tionship between length of psychothera- 


Raymonp G. Hunt 


peutic treatment and the social-class position 
of the patient. Social class position was rated 
according to the occupational scale of Holl- 
ingshead’s Two Factor Index of Social Posi- 
tion, yielding a 7-fold classification. In addi- 
tion, Hunt et al. rated clinic personnel along 
a seven point scale of professional status 
ranging from psychiatrist at the top to stu- 
dent social worker at the bottom. No rela- 
tionship was found between the professional 
status of the therapist and length of treat- 
ment in this clinic. 

But these authors report a correlation of 
.50 between the social status of the patient 
and the professional status of the therapist. 
They conclude that a substantial relation- 
ship exists between patient and therapist 
status levels. 

Hence the available literature suggests 
that the likelihood of receiving any kind of 
treatment for mental disorder is an in- 
creasing function of social class position. It 
is also becoming apparent that lower class 
patients are less likely to receive psycho- 
therapy as a form of treatment and rarely, 
if ever, receive the most highly regarded 
type of psychotherapy—i.e., psychoanalysis. 
Moreover, what treatment lower class pa- 
tients do receive appears likely to be less 
extensive and intensive than that received 
by their higher class counterparts. Finally, if 
one assumes a considerable positive correla- 
tion between professional status and pro- 
fessional skill, the Hunt et al. and Myers and 
Schaffer data would indicate that lower class 
patients receive, in general, an_ inferior 
quality of treatment. 

A variety of explanatory hypotheses have 
been offered to account for these results, 
especially in regard to the psychotherapy 
findings, (e.g., convergence or lack thereof 
between patient and therapist value and 
communication systems). However, to date, 
what actual investigations have been carried 
out in this field appear to have been exclu- 
sively empirical or parametric. Quite ob- 
viously more detailed theoretically oriented 
investigations are called for. 


DISCUSSION 


It was previously noted that in addition 
to their intrinsic interest the studies con- 
cerning social factors and the treatment of 
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mental disorders have an important bearing 
upon the interpretation of studies relating 
social factors to incidence rate. For example, 
as Hollingshead and _ Redlich observe 
(1954b), the fact that upper and middle class 
schizophrenics tend to enter treatment ear- 
lier and are more likely to be treated effec- 
tively and permanently discharged from 
hospitals while the lower class schizophrenic 
is likely to become a permanent resident of 
the hospital will tend to have a cumulative 
effect upon statistics of class-specific inci- 
dences based upon institutionalized popu- 
lations. Such a factor might serve to seriously 
distort observed incidences relative to their 
actual or ‘‘true”’ rates. 

In the instance just mentioned the effect 
could be an overestimation of lower class 
schizophrenia rates as compared with higher 
class rates. The fact that many studies indi- 
cate that higher class persons are more likely 
to become patients (especially in out-patient 
settings) could have an opposite effect—an 
underestimate of lower class incidence rates. 
Several recent studies (Michigan Depart- 
ment of Mental Health, 1955; Roach et 
al., 1958; Stevens, 1954) indicate differen- 
tial utilization of out-patient facilities as a 
function of social class position with con- 
siderably higher rates of utilization among 
the upper status groups. Roach, Gurrslin, 
and Hunt (1958) compared rates of utiliza- 
tion of the facilities of an out-patient child 
guidance clinic with appropriate population 
distributions for a number of descriptive 
characteristics of the clinic caseload. Among 
the results of this study were findings that 
Negroes, Catholics, and lower class persons 
generally (as assessed by occupation and 
area of residence) were significantly (chi- 
square) under-represented in the clinic popu- 
lation. Upper status groups and Jews were 
found to be significantly over-represented. 
From this Roach et al. conclude that “It is 
clear that the clientele served (by this clinic) 
represents primarily a white, Protestant 
group of middle to high socio-economic 
status,” and point out the consistency of 
their results with those of other similar 
studies. 

Consequently considerable caution should 
be exercised in generalizing from available 
incidence studies based on “treated” and/or 


institutionalized cases because of these possi- 
bilities of biasing factors. Still it seems quite 
unlikely that the results of such studies can 
be entirely “explained away”’ by referring to 
possible sampling errors. 

Another interpretive problem surrounding 
these studies concerns the precise nature of 
the relationship between the social factors 
studied and the mental disorders to which 
they are related. It is obviously tempting to 
execute an inferential leap and attribute 
causal significance to these variables, though 
no such significance has been established. 
Frumkin (1955), for example, on the basis of 


’ his study of the relationship between occupa- 


tional status and mental disorder, concludes 
that lower-class occupational groups develop 
mental illnesses which are largely ‘socio- 
genic,” upper class groups develop illnesses 
which are mainly “psychogenic” and middle 
class groups ‘‘socio-psychogenic”’ disorders. 
Frumkin further asserts that ‘while psycho- 
genic factors are important in the develop- 
ment of mental illness, sociogenic factors as 
evidenced in the socio-pathic features of our 
social structure are mainly responsible for 
growing rates of mental illness’ (1955, p. 
160). A careful search of the available liter- 
ature, however, reveals no substantial sup- 
port for such etiological assertions and in 
fact, there is some.evidence against Frum- 
kin’s premise of “growing rates of mental 
illness.”’ In truth, what Frumkin’s asserted 
conclusions amount to is no more than a 
statement of his own preferences among al- 
ternative hypotheses (the alternatives being, 
of course, left unspecified). Indeed other in- 
vestigators operating in this same general 
area have been led to emphasize the oper- 
ation of physiological-constitutional vari- 
ables in the etiology of mental disorder (see 
Linton, 1956; Tooth, 1950). The frequency 
with which workers in this area are prone to 
commit the fundamental methodological 
error of assuming causation from correlation 
is actually a bit disquieting. As a result, it 
warrants emphasizing that no particular 
kinds of etiological factors have, as yet, been 
demonstrated in the types of studies re- 
viewed here. As was indicated previously, 
most of these investigations have their 
foundations in the earlier general ecological 
studies and represent more circumscribed 
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efforts at determining which of a number of 
possibilities raised by the earlier researches 
are of greater importance, (e.g., mobility, 
status, etc.). And in point of fact Dunham, 
one of the pioneers of this field, is even 
skeptical about the degree to which eco- 
logical studies can contribute to any specific 
understanding of the etiology of mental dis- 
orders (1955). 

Yet these studies can provide a rich source 
of hypotheses concerning the observed cor- 
relations between social variables and mental 
disorders. Several such hypotheses have al- 
ready been investigated. 

In attempting to account for the results 
of studies on the ecology of mental disorder, 
three main propositions have been advanced. 
The first of these, the ‘drift’? hypothesis, 
attempts to explain the findings away by 
arguing that the mentally disturbed (par- 
ticularly schizophrenics) will, as a conse- 
quence of their disturbance, be unable to 
function effectively in society, eventually 
become downward mobile and thence “drift” 
into the poorer urban residential areas in 
sufficient proportions to account for ob- 
served incidence rates. Dunham (1955) has 
been critical of this explanation and several 
investigators have put the “drift’’ hypothesis 
to empirical test. Hollingshead and Redlich’s 
data (1954a; 1954b), while indicating that 
patients are frequently more mobile than 
nonpatients, reveal no evidence for the drift 
hypothesis. Firstly, what mobility, is ob- 
served is predominantly upward. and sec- 
ondly, there is no evidence that schizo- 
phrenics, at least, have drifted from better 
to poorer residential areas. Most schizo- 
phrenics were found always to have lived in 
the same type of ecological area. Hence the 
“drift” hypothesis does not appear to be a 
tenable explanation of the ecology of mental 
disorder. 

A second hypothesis which has been con- 
structed, especialiy as regarding  schizo- 
phrenics, has been called the “social iso- 
lation’ hypothesis. Jaco (1954), for instance, 
who treats social factors as “precipitating 
variables” in mental disorders, tested the 
proposition that ‘‘those communities having 
high rates of schizophrenia will have a con- 
comitantly high degree of social isolation”’ 
(1954, p. 568). Social isolation was defined 


as “the cutting off or minimizing of contact 
and communication with others.” Jaco then 
proceeded to compare communities showing 
the highest and the lowest rates of schizo. 
phrenia. Also, on the ground that social iso. 
lation is an etiological variable specific to 
schizophrenia, he compared communities 
showing highest and lowest rates of manic 
and depressive psychoses. 

Significant differences were reported in the 
direction hypothesized on a number of vari- 
ables presumed to reflect social isolation, 
such as, knowing names of neighbors, num- 
ber of acquaintances, membership in lodges 
and fraternities, visits with friends, ete. 
Moreover, the differences obtained were only 
with regard to schizophrenia so that Jaco 
concludes that both propositions are con- 
firmed. 

Even if the reliability of Jaco’s findings is 
accepted (he himself admits his indices to 
be crude) interpretive problems are still 
present. It must be borne in mind that only 
the concomitant variation between high and 
low schizophrenia rates on the one hand and 
high and low “‘social isolation” on the other 
has been elucidated. No specific etiological 
mechanism has been demonstrated. Further, 
while Jaco does not treat social isolation as a 
sufficient cause (nor even necessary, really), 
there still remains the problem of why all 
members of high isolation areas do not de- 
velop schizophrenia and also why any in the 
low area do so. 

All things considered it would seem wisest, 
pending the outcome of future research, to 
consider the social isolation hypothesis as 
unconfirmed (though by no means discred- 
ited). 

A final hypothesis stemming partly, at 
least, from ecological researches may be 
termed the culture conflict thesis. Ruesch et 
al. (1948) argue that the process of accultur- 
ation is one of the prime factors in the eti- 
ology of mental disorder. The implication of 
this thesis is that social disorganization, sub- 
cultural conflicts, and the like are critical 
factors in the causation of mental illness. 
Thus one would expect a higher proportion 
of mental illness among immigrant groups, 
among highly .complex cultural groups, 


among groups undergoing assimilation of 


new or foreign cultural influences, etc. 
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In regard to the immigration implication, 
Tietze et al. found intra-city migration to be 
more closely related to mental disorder than 
inter-city migration and conclude that such 
findings cast doubt on the critical etiological 
role of environmental change. They point 
out that if such change were crucial incidence 
rates should be at least equal in the two 
groups. Similar findings are reported by Jaco 
(1954) and by Hollingshead and Redlich 
(1954a). Further, Goldhamer and Marshall 
(1953) compared relative incidences of native 
born and immigrant group psychosis over a 
considerable period and found no differences. 

On the other hand there are some sugges- 
tions that mental disorder is less prevalent 
in homogeneous societies (Weinberg, 1952). 
Such suggestions are, however, a long way 
from reliably established (see Linton [1956], 
for a discussion of this issue). Moreover, 
Tooth (1950) presents indirect evidence that 
Westernization does not increase the inci- 
dence of psychosis among primitive tribes. 
While Tooth has been criticized by Carothers 
(1953), Linton (1956) argues in sympathy 
with Tooth. 

Probably the most significant commentary 
on the role of ‘‘culture conflict” as‘a deter- 
minant of mental disorder is the recent work 
of Goldhamer and Marshall (1953). It is 
apparent that the emphasis from the culture 
conflict point of view is on phenomena con- 
nected with social change. It is also apparent 
that social change marks the history of most 
cultural groups. Further, at least among 
European groups, such change tends to be in 
the direction of increasing social complexity 
and heterogeneity with perhaps increased 
opportunities for the operation of ‘culture 
conflicts” and the like. Hence it would be 
expected that long term incidence rates of 
mental disorder would show a steady, con- 
comitant increase. Indeed such a state of 
affairs is freely assumed. We have already 
seen that such an assumption formed a basic 
premise in Frumkin’s conclusions concerning 
the relationship between status and mental 
disorder. A similar assumption is often im- 
plicit or explicit in the thinking of many 
workers in this general field. It is also true 
that several surveys of incidence rates af- 
forded some support to this assumption. 

Goldhamer and Marshall (1953), however, 
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seriously questioned the reliability of this 
earlier data on the ground that it embraced 
too short a time span (generally under 20 
years). Therefore, these two investigators set 
out to explore the issue anew with an un- 
usually extensive, cautious, and carefully 
thought out study of comparative incidence 
rates (primarily in Massachusetts) of first 
admission psychoses over about a 100 year 
period. 

From the results of this research, Gold- 
hamer and Marshall conclude that while 
there has been ‘“‘a marked increase in the 
age-specific admission rates in the older age 
groups” (presumably as a consequence of an 
increased tendency to hospitalize persons 
with mental disorders of the senitim) ‘“‘there 
has been no long-term increase during the 
last century in the incidence of the psychoses 
of early and middle life” (1953, pp. 91-92). 
There were short-term fluctuations in inci- 
dence rates coinciding with marked social 
changes but there is no evidence to indicate 
these fluctuations were caused by the social 
changes per se. No data is reported con- 
cerning neurosis though the authors suggest 
that the same lack of change may be true of 


them. 


In discussing the implications of their 
findings, Goldhamer and Marshall refer to 
views of the etiology of psychosis which 
freely point to “insecurity, competitiveness, 
status struggle, individuation, anomie, and 
freedom”’ (social isolation might well be 
added) and argue that since these viewpoints 
emphasize the stresses imposed on man by 
his social milieu then the results of their 
investigation indicate either, ‘“(a) that, 
whatever may be the peculiarities of con- 
temporary life, these stress factors as a total 
.. force have not in fact increased during 
the last century, or (b) that if these factors, 
which are alleged to have a pathic effect, 
have increased, they are not as relevant for 
the theory of the psychoses as has been 
supposed” (1953, pp. 95-96). 


CONCLUSIONS 


From the foregoing review of recent liter- 
ature bearing on the relationship between 
socio-cultural variables and functional men- 
tal disorders, it should be apparent that no 
definitive conclusion is possible. While it 
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does seem certain that such variables are 
indeed co-related, the precise nature of this 
relationship is manifestly uncertain. The ob- 
servation of Felix and Kramer (1953, p.5) 
that “there is a wide gap between the facts 
that we have now and those we need to 
have”’ is inescapable. About all that can be 
said with real assurance is that great caution 
should be exercised in attributing any causal 
or etiological significance to these relation- 
ships. 
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In constructing models of behavioral change (conditioned response, deci- 
sion response, learning, etc.), one must make certain assumptions about the 
nature of the stimulus, of the environment from which it is selected, and of 
the determinants of response. Here a consistent taxonomy of these factors 
is offered together with a typology of mathematical models, where a type of 
model is associated with each combination of types of behavioral determi- 


nants. 


THE MECHANICS OF ENVIRONMENTAL ADJUSTMENT 


by Thornton B. Roby’ 


Tufts University 


HAT makes behavior change? This 

has been the dominant question 
throughout the history of behavioral science. 
The chief conceptual systems, past and 
present, have as their primary distinctions 
special assumptions about this. And such a 
preoccupation seems largely justified, not 
merely in terms of the inherent interest of 
the problem, but also in terms of its experi- 
mental tractability, as compared with the 
more direct study of existing behavior on a 
natural history basis. 

As important and fundamental as the 
phenomena of behavioral change may be, 
however, there is an undeniable logical pri- 
ority to the problem of determining what is 
changing. The lack of understanding of the 
latter may well become a limiting factor in 
the growth of learning theory and, more 
serious, may lead to a distortion of basic 
principles by forcing them into very special 
molds. If so, the blithe assumption that the 
popular laboratory learning situations are 
representative of adjustment processes in 
general would be most unfortunate. Even 
now it is hard to escape the impression that 
many of the heated controversies in learning 
theory might be resolved into differences be- 
tween aspects of behavior being considered. 
In view of this danger, the present paper is 
intended to suggest an a priori approach to 
the description of adjustment behavior 


‘This paper was completed while the author 
was on leave of absence as a National Science 
Foundation Senior Post-doctoral Fellow at Har- 
vard University. 


which might lead to a broader appreciation 
of what behavior is and what it does. 

The essential aim of the present paper has 
been anticipated in many respects by several 
previous investigations. The contributions of 
Ashby (1956), Miller (1952), Minsky (1954), 
Moore & Anderson (1954), and Simon 
(1955) are especially noteworthy. Each has 
suggested useful simplifying assumptions 
and highly interesting conceptual treat- 
ments. The present report is somewhat more 
programmatic in intent than those cited, 


_and is concerned with the place of adjust- 


ment models in behavior theory at large 
rather than with the economy or power of 
any single set of assumptions. Hence, the 
actual analysis of particular models is not 
carried as far as it is in the earlier reports but 
an effort is made to describe family relation- 
ships among many extant or potential 
models. 

The next section will introduce and define 
certain terms and concepts relevant to the 
problem of behavioral adjustment. Using 
these terms, the following section is given 
over to the consideration of a family of rep- 
resentative models presented in a more or 
less ordered fashion. For each model so con- 
sidered some indication is given of its 
counterparts in real life and of its possible 
analytical treatment. A final section con- 
tains a more general discussion of the issues 
raised by this approach, and an attempt to 
suggest some of the more tangible benefits 
that may accrue from it. 
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GLOSSARY OF TERMS 


The general process being considered, 
adjustive behavior, is assumed to consist in 
the regulation of certain variables in the 
physical or social environment by means of 
organism response. By the environment we 
mean any set of conditions that affect the 
organism and that may be _ represented 
in quantitative terms. An environmental 
dimension is any single condition so repre- 
sented (comparable to the elements of Von 
Uexkull’s umweldt or ambient [Bertalanffy, 
1955]) and an environmental point is a par- 
ticular set of values or levels for all condi- 
tions considered. A target region is a point or 
neighborhood in the environmental space to 
which a positive utility is attached. 

By an organism we mean any response 
system which displays unitary action to a 
significant degree’. Thus an organism may 
be an individual or a sufficiently integrated 
team of individuals. A response is any set of 
actions attributable to an organism and 
having a specified probability of various en- 
vironmental effects. The complete specifica- 
tion of the response effects at each point in 
the environment will be referred to as an 
R-E mapping. The R-E mapping relates a 
specified response at a given point of appli- 
cation to a specific destination point. The 
converse set of relationships that describe 
the response elicited by each point in the 
environment will be referred to as the E-R 
mapping. 

This report will be concerned with sta- 
tionary E-R mappings—that is, with organ- 
ism reactions that do not exhibit any sys- 
tematic changes over time. Although 
stationarity may never occur in the strictest 
sense, it may be approached, for practical 
purposes, under several conditions. First, 
responses may be built on very stable neuro- 
muscular connections. Second, learning may 
already have progressed to some asymptotic 
point. Third, the situation may not yield 


? For intuitive reasons we should also stipulate 
that the response system should not be a wholly 
passive plaything of the environment. That is, we 
expect a true organism to be a source, rather than 
a mere propagator, of environmental activity. 
This property of organisms however is not es- 
pecially significant in the present context which 
is concerned with fixed reactions. 
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enough feedback to alter response patterns, 
And, finally, the time span over which be- 
havior is studied may be so brief as to render 
learning effects negligible. 

Of course the most familiar examples of 
stationary E-R mappings are the tropisms 
and reflexes, but the simplicity of these rep- 
resentatives is not essential. Dramatic 
instances of behavioral constancy occur in 
the so-called neurotic mechanisms, which 
may be fantastically elaborate. Neither is 
the element of stereotypy, in the ordinary 
sense, an essential feature of stationarity. 
There may be an immense variety of distinct 
responses exhibited. Stationarity requires 
only that each response, or sequence of re- 
sponses, must have the same probability of 
occurrence at each traversal of the given 
environmental point. 


ILLUSTRATIVE MODELS OF STATIONARY 
ADJUSTIVE PROCESSES 

A series of models will now be proposed 
that represent a variety of adjustive proc- 
esses. An approximate order of complexity 
and generality will be followed in presenting 
successive models but there are other quali- 
tative differences that can’t be ordered as 
simply. In fact, it will be a primary objective 
of this section to suggest a sort of compara- 
tive anatomy of models, from which the 
really critical properties may be abstracted. 

To facilitate comparison among models, 
a standard formula is followed in the presen- 
tation. Each model is first characterized in 
terms of assumed environmental properties; 
assumptions about O’s response repertoire; 
the E-R mapping; and, the R-E mapping. 
Next, the model is described in broader terms 
and relevant examples are adduced. 

Table 1 contains a schematic characteri- 
zation of these models in terms of five general 
bases for classification. The environment is 
classified according to the number of distinct 
dimensions that is posited and is further 
described as nominal or metric. The latter 
distinction hinges on whether the conceptu- 
alization of functional relationships requires 
some notion of distance between environ- 
mental points. The environment is also 
described as plastic or dynamic; a plastic 
environment being one that changes only 
under response operations while a dynamic 
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TABLE 1 
ScHEMATIC DESCRIPTION OF ADJUSTMENT MODELS 
E R E-R R-E 
I 1 dimension, semi-dynamic, 2 single class stochastic deterministic 
point 
Il 1 dimension, 2 point, plastic 2 class stochastic stochastic 
Ill 1 dimension, metric, dynamic single class deterministic deterministic 
graded 
IV 1 dimension, metric, dynamic single class stochastic stochastic 
V N dimension, semi-dynamic M class stochastic deterministic 
VI 2 dimension, plastic M class stochastic deterministic 
VII N dimension, dynamic M class deterministic deterministic 
graded 
environment may undergo spontaneous Type I 


change. The term semi-dynamic is used in 
several cases to describe environments that 
spontaneously change in one direction only. 

The response apparatus is more simply 
characterized according to the number of 
classes of qualitatively different responses 
(i.e. responses with distinct R-E mappings) 
as well as the presence of grading within 
classes, where grading implies a direct pro- 
portionality between response magnitude 
and R-E consequences. Of course the re- 
sponse apparatus might, like the environ- 
ment, be assigned dimensional and metric 
properties, but no such properties are ex- 
ploited in the present formulation. The final 
bases for classification are the stochastic or 
mechanistic nature of E-R and R-E map- 
pings respectively These terms are used in 
their customary sense and are considered 
further in the Discussion section. 

In presenting the individual models, the 
entries in Table | are recapitulated, together 
with some more special qualifiers that are 
explained in context. Next the model is 
described in rather broader terms and a few 
familiar real-life situations are adduced in 
which the conditions of the model seem to 
be well approximated. Finally, some indica- 
tion is given of the appropriate mathematical 
treatment. Although a few mathematical 
results are provided where they seem sugges- 
tive, the mathematical development is 
truncated in every case. To remedy this in 
part, references are cited in which analogous 
models in other areas are followed through 
in greater detail. 


A. Characterization. Environment: dis- 
crete, two-point, semi-dynamic. Response 
mechanism: single class, all-or-none. E-R 
mapping: stochastic. R-E mapping: determi- 
nistic. 

B. General description. The environment 
is judged simply as satisfactory or unsatis- 
factory. It is ‘dynamic’ in that breakdown 
may occur spontaneously. If breakdown 
occurs, and is detected by O (on a chance 
basis), a single response will unfailingly 
correct the situation. 

This description fits many ‘monitoring’ 
tasks in which operators need only spot a 
failure in an automatic or semi-automatic 
process in order to take corrective action. In 
a gross sense, the description applies to any 
number of real-life adjustments in which 
detection is tantamount to melioration, so 
that vigilance rather than response skill is 
-alled for. 

C. Suggested treatment’. Assume that O 
employs a systematic scanning procedure 
such that a complete checkout is completed 
during a time period of unit length. The 
probability of breakdown during a unit time 
period is a constant value b and the proba- 
bility of a breakdown being detected by the 
complete checkout procedure is d, which is 

3 The mathematics in this section and in the 
suggested treatment of Type II models will be 
familiar from discussions by several previous 
authors (Bush & Mosteller, 1955; Miller, 1952). 
They are reproduced in spite of this, however, 
since the terminology. is new and since these very 
simple cases point to the kinds of investigations 


that could be carried out (with more difficulty) 
in later models. 
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TABLE 2 To confirm this, simply pre-multiply the 
mB BH & & EK, £ matrix of Table 2 by the row vector com. 
_.. posed of the numerators of these probabili. 
| ee d 0 0 0 0 ties and observe that the same vector is ob. 
Kk 0 0 1 0 0 0 tained as the product. Note that if correction 
ee eee a er | - mon * gps ae 
a is immediate, c = 1 and the respective 
E; 0 0 0 0 0 0 awe : 
é ; ; ‘ : probabilities are simply 
E.-1 0 0 0 0 0 1 b d 
E, b 0 0 0 0 Db” ge and Ee 
rs _ —— b+d b+d 





also constant and is independent of the time 
of occurrence of the breakdown. If a break- 
down is detected, correction is initiated at 
the beginning of the next time period and 
takes c unit periods to complete. 

At the end of period n, the system may 
be in any of the following states: 

E,—an undetected breakdown has occurred 

E,;—a breakdown has been detected, but 
correction hasn’t begun 

E,—the system has been under repair for 
one period 

E;—the system has been under repair for 
two periods : 

E,—the system has been repaired 

Table 2 shows the matrix of 1-step transi- 
tion probabilities between each pair of 
states—that is, the probability of the system 
being in state H; at period n + 1 if it was 

in state E; at period n. The behavior of the 
system over time is described by higher 
powers of this matrix together with the ini- 
tial state description. A very clear and de- 
tailed discussion of the mathematics of 
processes of this sort is given by Feller 
(1957, Ch. 15). 

An exact determination of the probabili- 
ties of all states necessitates finding the roots 
of an equation of degree c — 1. However, as 
Feller shows, an asymptotic solution (in this 
case independent of the initial condition) is 
obtained by considering only the dominant 
root. Thus the ultimate probabilities of find- 
ing the system in Eo, EF, Ez, --- EF, at the 
end of any period are respectively 





b bd 
b+(e—lbd+d’ b+(ce—l)bd+d’ 
bd d 








i4fe—fid+d’ 64 €-—Ded+a 





Further information on the behavior of 
the system, such as the expected frequency 
of breakdown, etc., can also be extracted 
from this model. 


Type II 
A. Characterization. Environment: one 
dimension, two-point, plastic. Response 


mechanism: two-class. E-R mapping: sto- |, 


chastic. R-E mapping: stochastic. 

B. General description. As in the previous 
model, there is a target state and an unsatis- 
factory state but here it is supposed that 
the signals arising from either state may be 
equivocal. Thus, O may respond to ‘false 
positive’ or ‘false negative’ symptoms, and a 
response appropriate to the adjusted state is 
not appropriate to the unadjusted state. 
Although we shall consider the problem in 
which both the E-R and R-E mappings are 
stochastic, the model is not trivial unless all 
relationships are mechanistic (i.e., all proba- 
bilities equal zero or one). 

On a grand scale, this model is realized in 
the economic problem of taking action to 
counteract inflationary or deflationary pres- 
sures. Somewhat closer to home is the inter- 
personal problem of gauging social or emo- 
tional ‘distances’ and reacting appropriately. 
A classic failure in this regard is the man 
who brings his wife a bunch of roses at the 
wrong time. 

C. Suggested treatment. The criterion of 
performance in this model is the relative 
amounts of time spent in two states, /, and 
E,, where the former is a target state. These 
may be expressed as probabilities, P(x) and 
P(y), and are determined from certain 
auxiliary probabilities. 

Denote by P(a/x) the conditional proba- 
bility of R, occurring if the system is in E; 
a complete set of such conditional probabil- 
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ties clearly constitutes the #-R mapping. 
Let P(g/ax) denote the probability that, if 
R, occurs when the system is in E,, E, will 


- | ensue at a specified later time; these terms 


make up the R-E mapping. Finally, let 
P(g/x) stand for the overall probability of 
state E, succeeding E,. Then it is easy to 
show that: 


P(g/x) = P(y/ax) P(a/x) 
+ P(gj/bx) P(b/x) 


The complete matrix of these transition 
probabilities is obtained by an extension of 
this, namely (the ‘P’s are omitted) 


t/x £/ 4 a C ax £/ ) i. °) 
C. g/y)) = \g/ax g/bx) \b/x oO (2) 
(2 pole) (° reel 
a g/ay g/by/\o b/y 
The first and third matrices on the right are 
of course the R-E matrices, specialized to 
single points in the space, and their coeffi- 
cient matrices are the H-R matrices, again 
specialized to certain points. Note that all 
matrices are restricted by the requirement 
that the column sums are unity. This repre- 
sentation is immediately adaptable to multi- 
point environments. 
The function of the matrix on the left 


stems from an equation similar to equation 1, 
namely : 


P(Z) = P(&/x) P(x) + P&/y)P(y) (3) 


which can also be extended to a matrix form: 


(*) a 6 x pi (") 
] g/x G/y) \y 


We wish to determine values of x and y 
such that they remain unchanged from one 
interval to the next—i.e., such that P(Z) = 
P(x) and P(g) = P(y). Returning to equa- 
tion 3, this would give: 


P(x){1 — P(#/x)] = P(y)P@/y) (3) 
but it is also true that P(x) + P(y) = 1 and 


(1) 


(4) 


PG/x) = 1 — P(#/x); hence 
P(x)P(G/x) = [1 — P(e)|P(&/y) (6) 
from which 
P(x) = P(Z/y) (7) 


P@®) + PAD) 


oF ADJUSTMENT lil 
and symmetrically, 
P(a 





P(y/x) + P(x/y) 


The values on the right are determined 
readily from equation 1. Suppose the 
matrices are as follows: 
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Then the product matrix is given by 


ane pe * + .02 35+ ro 
g/x g/y)) \27+ 08 35+ .00 


65 a 
30 ia 


and the equilibrium value of 


C ay 
y/ay 


The largest value of P(x) obtainable by O 
always requires 0 or | probabilities in the 
right-hand matrices. 

In the present case, if P(a/r) = P(b/y) = 
1, the product matrix is 


a Ae 
a 2 
and the equilibrium probability 


P(z) = 7 ie 
This model and obvious variants of it are 
generally amenable to treatment as Markov 
processes (Miller, 1952). The study of such 
processes in the behavioral sciences is well 
illustrated by the Bush-Mosteller formula- 
tion of discrimination learning (1955). 


Type III 


A. Characterization. Environment: one di- 
mension, discrete or continuous, dynamic. 
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Response mechanism: one class, graded. 
E-R mapping: mechanistic or stochastic. 
R-E mapping: mechanistic. 

B. General description. This describes the 
organism as a control node or servo in a 
simple system with a perturbational input. 
The conditions are met fairly closely in cer- 
tain simple tracking tasks and, in a figurative 
sense, the model may adequately describe 
many situations in which the problem faced 
by O is, “how much response?” Probably 
many adjustment situations that are super- 
ficially multidimensional may be treated as 
sets of distinct unidimensional adjustments. 

C. Suggested treatment. The mathemati- 
cal and empirical study of ‘transfer func- 
tions’ for human operators on tracking tasks 
has been extensively covered in recent years 
(Craik, 1947; Elkind, 1956; Walston «& 
Warren, 1954). Although this literature has 
been primarily concerned with motor be- 
havior, such as manipulating a joy stick, 
there is no reason why the results might not 
be applied to broader classes of behavior. 

A major drawback of most of the servo- 
mechanistic theory is its relative awkward- 
ness in dealing with non-linear processes. It 
is not unreasonable, for example, to expect 
response errors to increase as a function of 
the magnitude of attempted adjustments. 
Here again, it appears that formulating the 
process as a Markov chain may be useful and 
suggestive. Define a vector P(k) in which 
each component P;(k) indicates the proba- 
bility that O lies at a particular distance 7 
from the target at step k. Let P(k + 1) 
represent a similar vector at the next step. 
Then there is a matrix 7’, constant by 
hypothesis, that describes the transforma- 
tion from P(k) to P(k + 1). The temporal 
course of the system—such as the ability of 
O to remain within striking distance of the 
target region—is determined by higher 
powers of the matrix 7’. The behavior of 
such matrices has been investigated inten- 
sively in physical applications such as diffu- 
sion processes (Wax, 1956). 

The transfer function approach, on the 
other hand, is especially suited to the exami- 
nation of problems in which the environ- 
mental inputs are periodic or at least have 
appreciable repetitive components. Tustin 


(1953), investigating economic systems, pre. 
sents rather elegant procedures for express. 
ing ‘prediction’ and ‘smoothing’ in transfer 
functions that might well be adapted to the 
study of general organism response. 

Since the mathematics involved in non. 
trivial applications of this approach are 
rather formidable, they will not be further 
pursued here. As it happens, many of the 
essential features of the present model are 
incorporated in later models. 


Type IV 


A. Characterization. Hnvironment: one- 
dimension, discrete, unbounded, dynamic, 
Response mechanism: single class. E-R map. 
ping: stochastic. R-E mapping: stochastic, 

B. General description. The environment 
produces a number of noxious elements or 
‘turbants’ (Roby & Forgays, 1953) which, 
if uncorrected, continue to increase. The 
turbants are considered to be homogeneous 
in the sense that a fixed type of response will 
reduce them at a maximal rate. 

This is the familiar ‘stitch in time’ prob- 
lem, reduced to its simplest terms. Examples, 
alas, abound, from the task of keeping an 
aging car on the road to the ordeals of 
business or domestic housekeeping, and 
social ‘fence mending’. The critical aspect of 
the response output is usually dogged per- 
sistence rather than finesse. 

C. Suggested treatment. An elementary 
set of assumptions permits a demonstration 
of the essential dynamic features of this 
model. Assume that the probability of de- 
tecting and correcting turbants is a constant 
fraction d of their number during an interval. 
Assume that uncorrected turbants increase 
at a rate that is c times their number at the 
end of an interval. Finally, assume that there 
is a constant rate of appearance of turbants 
b, during an interval, that is independent of 
the existing number. The problem may then 
be formulated as a difference equation in 
terms of the number of turbants present: 


nt +1) = cdl’ nit) +b @ 


(d’, as before, stands for 1 — d) 
If n(O) = 0, the solution of the equation 


is, 
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; 
a(t) = —— [1 — (ea’)' 


1 
b[l + cd’ + (cd’)? + --- 
+ (ed’)'] 


The expression in brackets remains finite 
if cd’ is less than 1 and the number will 
stabilize at: 


(10) 


b 


euideade ema 


(11) 


If cd’ equals or exceeds 1, the turbants 
will increase beyond any finite limit. 

A number of models used in the study of 
population growth could be applied to as- 
pects of this problem. A comparatively ad- 
vanced treatment of an analogous problem 
is that of Chiang (1957) in connection with 
flour beetle proliferation. 


Type V 

A. Characterization. Environment: N di- 
mension, (V + 1)-point, semi-dynamic. 
Response mechanism: multiple. E-R map- 
ping: stochastic. R-E mapping: determin- 
istic. 

B. General description. The environment 
contains a single target point, and N distinct 
unadjusted conditions (whence the N + 1 
points). It may ‘jump’ from the adjusted 
state to any of the N other points but will 
remain at the latter until a corrective action 


‘is taken. It is assumed that the unadjusted 


condition does not provide unequivocal clues 
as to the appropriate corrective action, so 
that the response selection is essentially a 
chance process. A correct response, however, 
is immediately successful. 

This sort of adjustment task is illustrated 
in ‘trouble-shooting’ problems ‘such as the 
domestic chore of replacing a blown fuse. 
A characteristic feature is the relative speci- 
ficity of adjustive actions and the relative 
opaqueness of symptoms. 

_C. Discussion and suggested treatment. 
Since the breakdown symptoms give no clue 
as to the indicated adjustive action, the 
critical factor here is the relation between 
the sampling schema employed and relative 
frequencies of applicability of the various 
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TABLE 3 





Response 
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responses. The problem of an _ optimal 


‘search pattern’ is significant. 

O may use one of three major types of 
search pattern: sampling with replacement, 
sampling without replacement, or priority 
sampling. Sampling with replacement means 
that O tries out various Rs at random, with- 
out regard to their previous success or 
failure—even on a trial-to-trial basis. This 
is a primitive form of E-R mapping and the 
mathematical treatment is correspondingly 
rudimentary. Sampling without  replace- 
ment implies that O may choose actions at 
random but does not reuse them within the 
same cycle (O may carry this over through 
several cycles until his entire repertoire is 
exhausted but this will not produce a strictly 
stationary mapping since the probabilities of 
utilization will be dependent on the ‘path’ 
taken). In priority sampling, responses are 
tried in a fixed order that depends in some 
way on their general successfulness. 

A simple example may serve to illustrate 
these procedures. Table 3 shows a matrix of 
10 “out-of-adjustment” states and five ad- 
justive actions. The successfulness of each 
action for a particular state is indicated by 
an “x” entry in a cell of the R-E matrix. 
Assuming equal likelihood of each of the 10 
‘“‘out-of-adjustment”’ states, the relative 
merits of various sampling schema in terms 
of expected number of trials, may be com- 
puted as follows: 

(a) Sampling with replacement: The proba- 
bility of success on each trial is .4 for Fy, 
E,, Ey, FE; and EF, and .2 for the remaining 
states. It can be shown that the expected 
number of trials for a state is simply the 
inverse of these single trial probabilities. 
Hence, the expected number of trials is: 


1/5 5) oon 
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(b) Sampling without replacement: The 
number of trials for this schema depends on 
which of the 120 equally likely permutations 
of the 5 responses is chosen. If there are k 
successful responses for a given state it is 
possible to have » — 1 unsuccessful trials in 
k (k — 1)(k — 2)(k — » + 1) ways. These 
are followed by a successful trial, chosen 
among the 5 — k successful responses and 
finally 5 — yw (hypothetical) trials in any of 
the (5 — yw)! arrangements. Thus, with 
k = 3, there are (5 — 3)4! = 48 permuta- 
tions leading to 1 trial; 3 (56 — 3)3! = 36 
permutations leading to 2 trials; 3.2 
(5 — 3)2! = 24 permutations leading to 3 
trials; 3.2.1 (6 — 3)0! = 12 permutations 
leading to 4 trials and 3.2.1.0 (5 — 3)0! = 0 
permutations leading to 5 trials. For k = 4, 
there are 24 permutations leading to each 
number of trials from 1—5. Averaging for the 
mapping in Table 3 gives an expected num- 
ber of 2.25 trials. 

(c) Priority sampling: A priority sampling 
would employ a fixed permutation, pre- 
sumably based on gross frequency of success. 
For the mapping of Table 3 such a system 
might be c b a e d. It may be ascertained 
that this leads to an expected number of 2.0 
trials. If additional notice is taken of inter- 
response correlations (i.e., the overlap be- 
tween responses on the states for which they 
are successful), the indicated order is c a b 
e d, leading to an expected number of 1.8 
trials. 

Under certain conditions, the probability 
of success of a given response action will be 
independent of its order of application. This 
is true if there is only one appropriate action 
for each state (the states may have differen- 
tial probabilities of occurrence) or if the 
overlap between the functions of various 
actions is homogeneous. Under these condi- 
tions, it is possible to define a vector, S, 
whose components express the probability 
of success of the several responses. A ‘cost’ 
vector, C, may be used to express the penalty 
attaching to failure on 1, 2, 3, ete. trials. 
The correspondence between C and S is de- 
termined by an E-R mapping, P, (in this 
‘ase, independent of FE) expressing the 
probability that each response is attempted 
on the Ist, 2nd, 3rd, ete. trials. The expecta- 
tion is then given by the product CPS. It is 
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readily seen that this product is minimum if 
P is a permutation matrix (containing a 
single unit in each row and column) that 
puts the elements of C and S into an inverse 
order of magnitude. Where the assumptions 
of this approach are not met, it is possible 
that techniques of linear programming (e.g., 
the “travelling salesman” problem [Heller, 
1954]) may be useful, although the author 
knows of no direct application in the litera- 
ture. 


Type VI 


A. Characterization. Hnvironment: Two- 
dimensional, static, continuous, isotropic, 
Response mechanism: Two-class graded or 
discrete. E-R mapping: semi-stochastic, 
R-E mapping: deterministic. 

B. General description. 0 is situated, fig- 
uratively, on a plane surface at a distance 
from the target point that is large compared 
with the effects of single responses. The 
space is ‘isotropic’ in that each response 
moves O a fixed distance, so that only the 
direction with respect to the target makes a 
difference. Response selection is partially a 
chance affair but is guided by some informa- 
tion as to probable target direction. 

C. Suggested treatment. Consider first the 
case in which response flexibility is perfect 
so that any locomotion on the circumference 
of the circle about O can be achieved. If 
there is no information, the expécted gain 
per response: is clearly zero and with exact 
information it is, say, R (see Vig. 1). We 
wish to determine the value attributable to 
intermediate amounts of information. 

One bit of information enables O to select 
a response which places him in a semicircle 
lying +90° on either side of the target vee- 
tor. The expected gain is 
[ 2 oR 


rcosada = — (12) 
0 Tv 


2 

e(1) = - 

T 

Each additional bit of information permits 

O to bisect this angle again, so that if J Is 
the total information in bits: 


Ql pr 
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WT 0 
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O's POSITION 





R= € 4 TARGET POINT 





€(j) REPRESENTS THE EXPECTED. PROGRESS WITH 
J BITS OF INFORMATION AVAILABLE . 
Fic. 1. A Schematic Description of Expected Response Effectiveness for Various Amounts of 


Information. 
To evaluate this, it is convenient to take It is perhaps more illuminating to examine 
logarithms giving the contribution of successive bits of infor- 
9i mation. Differentiating the right hand side 
Log e(j) = log R + log ~ of eq. 13 with respect to j gives, 
log si ? ; , 
+ og sin r/2 saa - _f [2 log 2 sin (x/2') 
= log R + log 2°/x a 
: iH sid ‘ J 
+ log e/? — Ae itm: x log 2 cos (x/2’)] 


R log 2 (16) 


(Pierce 782) 
from which, approximately 


z. ; ’ 
e(j) + R exp [—3(x/2')?| (15) ‘ |2 sin (x/2’) — cos (x/2) | 
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or since sin #/2? = 2/2! — (w/2’)3/3! + --- 
and cos 7/2? = 1 — (#/2’)?/2 + --- 


de = R log Qr'27”? ; 
dj (17) 
&~ 68R2-” 


a quantity that decreases very rapidly with 
increasing values of /. 

It is evident that information can not be 
fully utilized unless there is complete re- 
sponse flexibility. That is, there is no advan- 
tage in knowing the exact direction to the 
target if the optimum response in O’s reper- 
toire is appreciably ‘off course’. Thus the 
total number of responses in O’s repertoire 
sets an upper limit on the amount of infor- 
mation that O can use. If there are k re- 
sponses in all, and if the effects of these re- 
sponses are distributed about a perimeter, 
O will generally be able to use log, k bits of 
information to advantage. 

The foregoing considerations can be ex- 
tended to N-dimensional spaces and, with 
greater difficulty, to cases in which the space 
is not assumed to be isotropic. The general- 
ized model might serve as a basis for study- 
ing the relative importance of information- 
seeking as opposed to skill-acquisition where 
an option exists. 


Type VII 

A. Characterization. Environment: multidi- 
mensional, continuous, dynamic (perturbed). 
Response mechanism: multidimensional, 
graded. E-R mapping: deterministic. R-E 
mapping: deterministic. 

B. General description. This describes a 
situation in which O is attempting simulta- 
neous control of a number of variables, each 
of which is subject to spontaneous fluctua- 
tions. As such, it is a perfectly general 
description of any adjustive process. The 
particular representation suggested below, 
however, idealizes both in terms of clear cut 
dimensional structure and by positing linear 
mechanical relationships. 

C. Suggested treatment. Define a set of 
environmental measures E', E?, b* --- (the 
superscripts are not exponents) and a set of 
measures along response dimensions F', R?, 
k* .-- Then the equations defining the sys- 


tem are 


dE et aca 
a == ke Bre : 
+ +++ 6 jR' + B 


where B, is a perturbation that may be a 
constant, a function of time, or a function of 
E*., 


hi = ajlE! + aj,2E? + --+ + ajkE* (19) 


(18) 


These may be more succinctly expressed in 
the matric equations: 


dE/dt = (8)R+ B (18a) 
R = (a)E (19a) 


where LE, R, and B are now column vectors 
(whose components are the respective EF‘, 
Rk’, B* and (8) and (a) are transformation 
matrices with elements 6,j and aj;k. Substi- 
tuting 19a in 18a gives: 


dE/dt — (Ba)E = B (20) 


Although the general solutions of such 
equations are extremely complex a very 
simple example will serve to illustrate the 
major considerations. Suppose an OQ is in a 
two-dimensional environment with target 
point [0, 0] and a constant ‘forcing input’ 
(that is, an environmental change not af- 
fected by O) of [1, 1]. Suppose further that 
the R-E and E-R mappings are 


1 0 —1 1 
e-(ri) ae G' o) 
That is, E' is increased one unit by R' and 
is not affected by R?; E? increases with both 
R' and R?; R' is decreased by E' and in- 
creased by EH?. The resulting differential 
equation (using eq. 20) is: 


dE/dt = * E+ (‘) (21) 


The solution of this equation, which may 
be confirmed directly, is 
De Phifet cn. get ox t 
E [3(e e~*, 1 + e'} (22) 


(assuming F = 0 at ¢ = 0) 


Both components in this case increase ex- 
ponentially and without limit as a function 
of time. 
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If, on the other hand, O uses the #-R 


mapping, 
_(-1 0 
oe a ae: 


the equation becomes: 


dE/dt = cc a E+ (;) (23) 


and the solution is 

an aa gt tes gre’ 
E=(l-e41l—e4 a 

(again assuming E = 0 at t = 0) 

In this case, both components increase to 
unity but remain there. The £-R mapping 
is such that O acts as a sort of compensator 
for disturbing environmental effects and 
contrives to remain close to the target 
point. 

These are of course rather extreme exam- 
ples. Real life behavior is not typified by 
complete control of the environment nor by 
complete loss of control. Precise conditions 
leading to intermediate system fates—such 
as bounded, periodic, fluctuations—are 
difficult to give in general, but very useful 
deductions can be made for special cases 
(Bellman, 1953). Because of the importance 
of this sort of multidimensional model in 
certain engineering problems such as aero- 
dynamic stability, a number: of powerful 
techniques exist for dealing with such sys- 
tems (Friedman, 1956; Michal, 1947). 


DISCUSSION 


The foregoing section has presented an 
extensive, but far from exhaustive, sampling 
of models of adjustive behavior that may be 
based on comparatively simple assumptions 
and are relatively amenable to mathematical 
treatment. It is hardly necessary to remark 
that these models will never exactly describe 
or simulate real life situations. Hence it is 
important to determine the sense in which 
the models do reflect reality and to consider 
their place in behavior theory proper. 

Models of this sort are potentially useful 
as aids in identifying salient features of the 
environment, and relating these to corre- 
sponding aspects of behavior. The very fact 
that such simple models are little more than 
caricatures of natural situations means that 
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certain prominent factors stand out in relief 
and in such a way that their influence can 
be traced readily. Later, of course, an at- 
tempt must be made to discover more faith- 
ful representations of actual environments 
and to determine interaction effects among 
the primary factors. A systematic cata- 
loguing of rudimentary models should be 
useful both in the initial determination of 
pertinent environmental properties and in 
subsequent attempts to develop more com- 
prehensive schemata. 

Reviewing the present set of models, cer- 
tain features stand out as being critical and 
integral properties of some environmental 
situations. Other characteristics are more 
arbitrary and are important chiefly as con- 
ceptual conveniences. For example, it seems 
very difficult to attach any fundamental 
meaning to environmental dimensionality in 
a sense that is important for behavior theory. 
The same is true for the distinction between 
discrete and continuous environmental 
spaces. It is necessary to state assumptions 
on these matters, of course, but they should 
probably not be allowed to influence the 
form of deduced relationships. 

On the other hand, the difference between 
relatively inert or plastic environments and 
those exhibiting various dynamic properties 
seems an essential one. In particular, en- 
vironmental conditions in which departure 
from target conditions are compounded over 
time impose an extremely exacting task of 
adjustment. The relative importance of 
selection of apposite responses as against 
gross response rate is another distinguishing 
feature of environments that appears to be 
significant. Finally, the stochastic versus 
mechanistic nature of R-E and E-R map- 
pings, while always a relative matter in the 
real world, is undoubtedly a meaningful 
characteristic of organism-environment in- 
teraction. 

There are numerous other simple prop- 
erties of environments or organism-envir- 
onment interactions that have not been in- 
troduced explicitly above. The distinction 
between approach tasks and escape or avoid- 
ance tasks is an example. In the present 
terms, we should say that an approach en- 
vironment is ordinarily one in which the 
R-E mapping is statistically unfavorable to 
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O, in that there are few responses leading to 
an improved situation, while the R-E 
mapping is statistically favorable to an 
escape situation. Closely related to this is the 
function of distance reception. In an ap- 
proach environment, distance reception ap- 
pears merely to lend some continuity or 
connexity to the space, while in escape- 
avoidance environments, distance reception 
may play a more vital part—may in fact 
drastically change therelevant E-R mapping. 

In addition to these hints from our obser- 
vational knowledge of organism behavior, 
there are abstract properties of dynamic 
systems that may be pertinent. As one ex- 
ample, operators are commutative if they 
may be applied in any order indifferently. 
This is certainly a major consideration in 
describing the effects of a set of responses on 
the environment. A problem or task for 
which responses are commutative is im- 
mensely simpler than an otherwise compara- 
ble task in which the ordering of responses is 
critical. Other classical features of mathe- 
matical operators can be suggestively inter- 
preted in terms of R-E relationships. Thus 
an ancipital approach to the problem is 
required, on the one hand directed toward 
finding formal expressions for behavioral 
phenomena, and on the other hand search- 
ing for the behavioral counterparts of 
abstract system properties. 

Two specific purposes may be served by 
an adequate set of models for adjustive be- 
havior. The first is to suggest appropriate 
units of discourse for behavioral phenomena. 
It is often true in scientific theory that there 
is a sort of compensation between the com- 
plexity of building blocks and the complexity 
of the statement of laws or formulae. In 
psychology, however, we have no generally 
accepted terms for units between the extreme 
molecularity of the muscle twitch and the 
extreme molarity of general personality 
mechanisms and the like. Whatever the 
meaningfulness of the larger units, based 
largely on intuitive, market place, categori- 
zation, the smaller units appear to have very 
doubtful functional significance. This is 
particularly true because of the equipoten- 
tiality that obtains among many motor acts. 
A suitable catalogue of models for adjustive 


behavior might well provide the framework 
about which a rational and consistent cate- 
gory schema could be constructed. 

A second purpose is to guide the design of 
tasks for laboratory behavioral studies, 
Without questioning the merits of the jump- 
ing stand, the T-maze, and the bar-pressing 
apparatus, it is fair to say that their concep- 
tion and use has not been based primarily on 
their relevance to actual behavioral situa- 
tions. We do not mean to insert an applied 
element, but there is a great deal to be said 
for using situations that the organism is 
‘designed’ for. A study of the mechanics of 
organism-environment interaction might not 
suggest suitable tasks directly, but it might 
very well provide principles and minimum 
requirements for the construction of such 
tasks. 
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‘ Why Can't Scientists Talk Sense? 

ot Mr. L. J. F. Brimble, editor of Nature, delivered some brutally 

ht frank injunctions to scientists at the 120th Annual Meeting of the 

m British Association for the Advancement of Science (BAAS) 

oh held in Glasgow from 27 August to September 3, 1958. Speaking 


under the title of ““The Presentation of Science by Scientists to 
Scientists in Differing Subjects,” he declared that scientists are 
erecting a Tower of Babel which is preventing communication not 
C8, only between them and the public but between themselves, and 
“Tt’s time you stopped!” 


ial Brimble declared that Nature is the most unreadable journal 
é in the world today. When it was started in 1869, Nature was a 
popular journal supported by literary writers. It was a medium of 
els exchange of scientific information which all readers could under- 
& stand. By contrast today “scientists are making their Tower of 
tic Babel worse and worse.” First they made their jargon worse. Then 
yur they put new meanings to common abbreviations so that none but 
those in their own field would understand; these technical abbrevia- 
tor tions now number thousands. Next the use of esoteric phrases 
a became deliberate, sometimes with the intention of concealing 
meaning from others in the same field. 
ual This landslide into total confusion must be stopped. There are 
ab. people who want to understand science but “chow can they when 
om you scientists don’t understand each other?” Scientific results 
& ‘annot reach the public unless speakers express themselves clearly 
and simply. All principal newspapers now have special technical 
lied staffs, but even scientifically trained reporters cannot report a 
& BAAS meeting today. It is up to the scientists to speak in English 
wn that can be interpreted to the public. 
jton Nature in 1869 tried to do two things: to act as a forum and to 
ine, interpret science. In suceeeding decades it has attempted to be- 
come the scientist’s medium of communication. A glance through 
lity. a current issue of Nature will show to what extent it has become the 
New international forum of scientists, and yet no one can read and 
understand all the columns in even one issue. 
hol- —Kuropean Scientific Notes, Office of Naval Research, London 
3ses. 
ract 
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The economists once invented the Economic Man whose aim in life was 
to maximize profit or a suitable generalization of it. Game theory suggests 
the possibility of a theory of coalitions. Presumably, such a theory relates 
to the Political Man. Does the Political Man seek to maximize “‘power’’? 
To determine this one must develop an index of power and then discover 
whether in actual cases real men attempt to maximize what it measures. 


A TEST OF THE ADEQUACY OF THE POWER INDEX' 


by William H. Riker 


Lawrence College 


HE a priori power index, devised by 

Shapley and Shubik (1954) as an appli- 
cation of Shapley’s theorem on the value of 
n-person games (1953), has seemed attrac- 
tive to many political scientists as a possible 
base for a precise political theory and a 
systematic political science (Simon, 1957). 
By reason of this potential use of the index, 
it is desirable to subject it to careful scrutiny, 
examining both the assumptions that lie 
behind it and the relevance it has to con- 
crete political events. Simon, in his com- 
ments on the index, has observed that his 
intuition leads him to believe that the index 
“agrees pretty well” with reality. But for 
him the adequacy of the index as a model 
remains untested. More recently, in using 
the index for a specific statistical purpose, 
Schaps and I have offered some indirect and 
slight evidence of its adequacy (1958); but 
this evidence is so slight that for all practical 
purposes our judgment of the adequacy of 


1The calculations for this experiment were 
carried out in the Numerical Analysis Laboratory 
of the University of Wisconsin. I express my deep 
gratitude to the members of its staff for their 
interest in this project and the energy they ex- 
pended on it. Especially, I express my gratitude 
to Mr. George Struble, who programmed the 
computations for an IBM 650 electronic computer 
and who, by his mathematical skill, rendered rela- 
tively simple what appeared to be an incredibly 
tedious problem even for the computer. Finally, I 
express my gratitude to the Political Science De- 
partment of the University of Wisconsin and its 
acting chairman, Professor James McCamy, who 
graciously allowed a visiting lecturer to draw on 
the research funds of the department. 





the model still rests on intuition. Hoping to 
substitute knowledge for wisdom, I have 
devised and conducted a test of one of the 
assumptions behind the index. Although the 
results are essentially ambiguous, I take the 
trouble to report them in this essay because, 
ambiguous though they are, still they may 
lead to a slightly better understanding of this 
extremely important notion. 


THE DEFINITION OF POWER 


In order to spare those readers who may be 
unfamiliar with the notion of the power in- 
dex the trouble of referring to the original 
essays by Shapley and Shubik, I repeat a 
definition of the index: Given a voting body 
of n members and a rule to define victory ina 
vote. (Let us assume here the usual majori- 
tarian rule, i.¢., if n is odd, the winning side 
consists of (n + 1)/2 or more. of the mem- 
bers, and, if n is even, the winning side con- 
sists of (n/2) + 1 or more of the members.) 
Allow members to vote yea (or nay) in 
any possible sequence. There are n! (read 
‘“n factorial,” that is 1-2-...-n) such se- 
quences. Each sequence may be regarded 
as a way to build up a winning coalition. 
Define a minimal winning coalition as a 
coalition of members such that, if one mem- 
ber is subtracted, it ceases to be a winning 
coalition. Define a pivot as the member 
who makes a minimal winning coalition in a 
sequence, in this instance as the [(n + 1)/2] 
th or the [(n/2) + 1]th member. In each 
sequence the pivot is thus the last added 
or marginal member of a minimal winning 
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coalition. The power index, P, with respect 
to any member, 2, is this simple ratio: 


the number of sequences 
in which 7 pivots 
“in! or the number of sequences possible. 





Manifestly, the sum of P; in any voting 
body is one. Hence the power index of any 
one member is a number in the range from 
zero to one. 

So defined, the power index may be in- 
terpreted as the a priori chance a member of 
a voting body has to be the last added mem- 
ber of a minimal winning coalition. As such 
it is analogous to the chance that any one 
number will turn up on a roulette wheel. 
(In sharp contrast to honest and unconscious 
wheels which actually do show numbers in 
just about the computed expectation, con- 
sciously scheming humans manage to manip- 
ulate the process of coalition forming so 
that empirically observed pivoting may dif- 
fer significantly from a priori computations 
of pivoting. Hence, while the odds for 
roulette wheels are a pretty good prediction 
of reality, the a priori power index may 
have no connection at all with pivoting in 
natural legislatures. ) 

Interpreting this definition of power 
further, it assumes that a person in a mar- 
ginal position with respect to a legislative 
coalition is able to acquire a significantly 
larger portion than other members of the 
rewards that accrue to the coalition. In 
strictly mathematical terms, there is, of 
course, no reason for this assumption about 
the payoff to the marginal member. But 
in terms of the application of the index, 
there is no reason to measure the chance of 
marginality unless it is in fact assumed that 
the last added member hogs the payoff. 

In popular usage, the word “power” 
usually means much more than this rather 
restricted definition allows. Popularly, 
“power” refers, inter alia, not only to (a) 
that marginal location in the bargaining 
system which allows a member to exact a 
high price, but also to (b) resources (such 
aS Money, arms, etc.) that can be used to 
dominate others and (c) the actual act of 


domination.? It may also have other refer- 
ences that I need not bother to list here. 
Since the word ‘‘power’’ has so much wider a 
reference in popular usage than in the pre- 
cise technical sense of the power index, 
it is reasonable to wonder whether or not 
people in the real world—people who, of 
course, think about power in the popular 
sense—are actually interested in obtaining 
power in this technical sense. One may even 
ask whether or not people in the real 
world are conscious of the existence of 
power in the technical sense. The question 
may be put thus: Is that marginal location 
which the power index measures something 
people want to be in? In short, do people 
want the kind of power that the index meas- 
ures? 

The economist knows of course that there 
is no such thing in the real world as an 
economic man who singlemindedly maxi- 
mizes profit; still the economist is quite 
certain that this abstraction is worth dis- 
cussing because he is also quite certain 
that most people in the real world do want 
money. But the political scientist is not so 
certain that his abstractions have any 
relevance at all to life. A political man who 
singlemindedly maximizes power is worth 
discussing only if it can be shown that 
people in the real world want power, or at 
least the kind of power that is measured by 
the power index. Hence, one of the pressing 
necessities for a political science is some evi- 
dence on whether or not men seek power. 


THE MODEL 


An approach to an answer to this question 
is to be found in certain features of weighted 
majority games. In such games, the members 
of the voting body have unequal weights, 
e.g., an unequal number of votes. (Some 
well-known institutional embodiments of 
weighted majority games are the voting 


2See, Dahl, R. A., ‘“‘The Concept of Power’, 
Behav. Science, 1957, 2, 201-15, in which it is noted 
that the intuitive idea of power includes, as well 
as the act of influence, the basis, means, amount, 
and scope of influence. 

In Dahl’s terms, the power index is at least a 
measure of a base of power, and also probably of 
the amount of potential domination. 
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procedures in business corporations in which 
each stockholder has as many votes as 
shares.) A signal feature of weighted major- 
ity games is that in them the players’ 
power indices differ from their weights. 
Thus, in an extreme instance in a three 
person game in which the players are 
weighted 50, 49, and 1, the power of these 
players is 23, 144, 6 respectively. The 
power of a player with the weight of 50 
exceeds his weight by 1 and the power of 
the player with a weight of 1 exceeds his 
weight by 47499 or only slightly less than 
\%. The power of the player with a weight 
of 49 is almost 4 less than his weight.’ 
One way to answer the question about 
whether or not people want the kind of 
power that the index measures is to dis- 
cover whether or not participants in a 
weighted majority game try to increase 
their power index. It is not to be supposed 
that members of natural legislatures actu- 
ally try to calculate their bargaining posi- 
tion by use of Shapley’s theorem. But, if 
the theorem relates to anything real, mem- 
bers must sense gains and losses in bar- 
gaining opportunities, must note with envy 
or satisfaction that their colleagues have 
more or fewer opportunities, and must be- 
have in such ways as might increase or 
maintain their opportunities. Hence, if 
one can find a natural legislature that con- 
forms somewhat to the model of a weighted 
majority game, then one can examine the 
behavior of the members of this legislature 
in order to discover whether or not they 
want this kind of power. Natural legisla- 
tures that resemble the model are those 
multiparty legislatures in which the parties 
3It may be helpful to show how this example 
in the text is worked out. In a three-person game 
there are six possible sequences of voting for 
members a, b, and c. Thus: abc, ach, bac, boa, cab, 
cba. If all three members have equal weight (as in 
a simple majority game), and if it takes two votes 
to win, then the second member in each sequence 
pivots. There are thus two pivots out of six se- 
quences for each member and P; = 24 = 4%. Now 
assume, for a weighted majority game, that a is 
weighted 50, b is 49, and c is one. If it takes 51 votes 
to win, b and c pivot once each and a pivots four 
times, as marked with asterisks in the foregoing 


list of sequences. The several ‘power indices are 
thus: P, = % = 24; Pp = 16; Pe = \%. 


have fairly strict discipline. One can then 
imagine the parties as players, each player 
weighted according to the number of mem- 
bers it has. In such a legislature the be- 
havior that concerns us is the migration of 
individual members from party to party. 
In this migration do they resign from parties 
with a relatively low index to join parties 
with a.relatively high index? 

In order to answer this question one 
needs to find a natural legislature charae- 
terized by at least the following features: 
(a) more than two parties (b) relatively 
strict party discipline so that parties may 
be regarded as behaving like persons (by 
strict discipline, I mean the situation in 
which, if one member of a party votes on 
one side of an issue, then all members of 
that party vote on the same side of the 
issue) and (c) relatively frequent migrations 
among parties by a substantial number of 
members. 

One natural legislature that almost satis- 
fies these requirements is the French Na- 
tional Assembly. It contains usually about 
eight or ten parties with more than one 
member as well as a number of single- 
member parties (sometimes as many as 
fifteen or twenty). Some of the multi- 
member parties have quite strict discipline 
so that they do in fact behave as if they were 
individual persons. French parliamentary 
rules rather encourage strict discipline on 
most scrutins.in that they permit one 
authorized member of a party to drop bal- 
lots in the urn for all other members of the 
party whether these latter are physically 
present or not. According to Campbell’s 
recent study of discipline in the National 
Assembly (1953), the Communist party and 
its allied group, the Républicains Progressis- 
tes, had perfect discipline during the nine and 
a half months of the Pinay government 
(from 6 March 1952 to 22 December 1952). 
In only one per cent of the 673 scrutins did 
as many as from one to five per cent of the 
Socialists break party discipline. The Indé- 
pendants d’Outre-mer displayed discipline 
almost as strict as the Socialists, and not 


far behind were two rightist peasant groups, 


Action Paysanne and Paysans d’Union 
Sociale. The weakest discipline occurred 
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in the center parties: in only 57 per cent of 
the scrutins were the members of the M.R.P. 
strictly disciplined, while in 32 per cent of 
the scrutins from one to five per cent of 
them broke party discipline and in eleven 
per cent of the scrutins from six to 25 per 
cent broke away. The record of the Radicals 
was only slightly more disciplined. In 
general and as one might expect, the parties 
on the left and the right were better dis- 
ciplined than those in the center, with the 
exception of the Gaullistes, who were in 
the process of splitting in two during this 
period. On the basis of this evidence, one 
can say that, for the most part, French 
parties are well disciplined and that, even 
when their discipline is not perfect, most 
French politicians think of parties as the 
basic unit of coalition-construction.! Fi- 
nally, the third requirement is satisfied by the 
fact that, in recent years, about 15 per 
cent of the members of the Assembly have 
changed their party affiliation during the 
course of a legislature. Thus, while the 
French Assembly does not conform per- 
fectly to the requirements here set forth, 
it is perhaps close enough to them to be used 
as a test case. 

In this experiment, the inter-party migra- 
tions occurring during the two years 1953 
and 1954 were used for analysis. (Since legis- 
lative and calendar years coincide in all 
years except election years, the calendar 
year is a convenient time unit and one that 
does not admit of subjective alteration of 
boundaries.) For reasons of convenience, 
it was determined to select years from the 
Second Legislature (July, 1951, to July, 
1955). And in order to limit the use of com- 
puter time to a small number of hours, only 
two years out of the five were selected. The 
six months of 1951 were eliminated on the 
ground that a large amount of the migration 
among parties consisted of late arrivals 
enrolling in their parliamentary groups. 
This enrollment was felt to be accidental 


‘While I have made no formal study of disci- 
pline during the period to be studied in this essay, 
my impression, based on the examination of 
numerous roll-calls, is that discipline in 1953 and 
1954 was about the same as in 1952, except that, 
since the Gaullistes were split, they had better 
discipline than during the Pinay government. 


rather than calculated migration and thus a 
disturbing feature properly excluded from 
the experiment. The six months of 1955 
were eliminated on the ground that, pre- 
sumably in anticipation of the forthcoming 
election, very few inter-party migrations 
occurred. The year of 1952 was eliminated 
on the ground that this was the year in 
which occurred the disintegration of the 
Gaulliste party which was by far the largest 
party at the beginning of the year and only 
the fourth largest at the end of the year. 
Since this was an extraordinary occurrence, 
it was felt that a study of the session of 
1952 would result in a somewhat distorted 
version of French parliamentary behavior. 
After these eliminations, the sessions of 
1953 and 1954 were left. These contained a 
substantial amount of presumably self- 
seeking migration among parties. And it is 
this migration that is studied here. 


THE MIGRATION DECISION 


A member’s decision to migrate from one 
party to another presumably derives from 
many motives. Convictions about ideology 
and estimates of opportunities to be re- 
elected certainly appear to have deeply 
influenced many of the migration decisions 
here studied. In the cases of African mem- 
bers, the primary motive may well have 
been some attempt (doubtless doomed to 
failure) to discover some French party 
sympathetic to African points of view. But 
along with these readily discernible and 
usually verbalized motives, there may have 
been some effort to increase power. If so, 
then the migrating members’ power indices 
should have increased in the course of the 
migration, provided, of course, that the 
migrators could discover what actions 
would increase the index. And if, in fact, 
the migrators’ indices did increase, it may 
be evidence that considerations of power 
maximization influenced the migrators’ be- 
havior and that men want the kind of power 
that the index measures. 

It is possible, therefore, to test one of the 
assumptions of the power index with this 
simple, though tedious, calculation: Assum- 
ing that each member of a party has 1/m 
of the power of a party with m members, the 
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power of a particular member, 7, of a party, 
A, is defined thus: 


a 
m 


P; 


The power that a migrator has before the 
migration will be designated as ‘(P;; 
G.),’’ where G, is the weighted majority 
game model of the situation before the mi- 
gration. (Thus, G, designates a particular 
set of weights and players, e.g., G,: {313; 
105, 100, 88, 85, 75, 55, 46, 32, 23, 13, 1, 
1, 1}, which is a 13-player game with weights 
totalling 625 and in which 313 are required 
to win.) The action of migration of course 
changes the game model so that the model 
at the end of the migration, Gg, differs from 
G.. For each migration, calculate a gain or 
loss, R;, where j is a member of the class, 
M, of events of migrations: 


R; = (P;; Gs) — (Pi; Ga) 


The results of these calculations may be 
interpreted in at least the following ways: 
Case 1. If >> jew (Rj) is a positive number, 
this fact may be taken to imply either 
(a) that legislators consciously tried to in- 
crease their power indices or (b) that in the 
course of their migrations legislators acci- 
dentally increased their power indices. 

Case 2. If > gett (R;) is a negative num- 
ber or zero, this fact may be taken to imply 
either (a) that legislators consciously re- 
jected advantageous bargaining positions 
in order to satisfy their ideological and other 
compulsions or (b) that legislators acci- 
dentally. decreased their power indices in 
the course of their migrations. 

A very large positive number would, it 
seems to me, indicate strongly that case la 
existed. A small positive number might indi- 
cate that either la or 1b existed. A large 
negative number would similarly indicate 
that case 2a existed, while a small negative 
or zero might indicate that either 2a or 2b 
existed. This test is, therefore, likely to 
lead to unambiguous results only if a large 
positive or a large negative number is ob- 
tained. (What is to be regarded as a large 
or small number will be discussed in a later 
paragraph.) 


An additional calculation yielding in- 
teresting information is the gain of the 
party migrated to by reason of the migra- 
tion. Presumably this party can reward the 
migrator for his action up to the full amount 
of its gain. Hence, even though the migra- 
tor’s own power index may decline in the 
migration, he may yet gain because the 
party he joins pays him more than his loss, 
This possible payment, Qj, is calculated 
thus: 


— (Pa; G.) 


Q<«" —— 


where m is the number of members of 4 
in Gg and where m’ is the number of mem- 
bers of A in Gy. 


THE MIGRATIONS 


In the two years 1953 and 1954 there were 
34. migrations involving 61 individual 
changes of party affiliation by 46 members. 
These migrations are listed in Table 1. 


For the sake of the examination of some of the 
individual migrations, the following material is 
included in the table: 

Column I: Names and departments of migrators 
with the date of the migration. Note: When an 
individual member moved from one multi-member 
party to a single-member party to a multi-member 
party in a week or less, this double migration is 
interpreted as a single migration from one multi- 
member party to another. 

Column IT: Party left and party joined. 

Column III: The structure of the game model 
at the beginning and end of the migration, that is 
Ga and Gg. A list of the 43 games is set forth in 
Note b of Table 1. 

Column IV: The power index at the end of the 
migration, i.e., (P:; Gg). 

Column V: The power index at the beginning 
of the migration, i.e., (P;; Ga). 

Column VI: R; (i.e., Column IV less Column 
V). 
Column VII: Q;, if and only if Q; is a positive 
number. Manifestly, Q is nonexistent when a 
member moves from a multi-member party to a 
single-member party. A value for Q exists in 19 of 
the 34 migrations, but in only 11 of the 19 is Q; a 
positive number. 

Column VIII: The percentage of advantage or 
disadvantage that the migrating members pos- 
sessed before the migration, that is: 


(Pi, Ga) — (1/n) 
1/n 
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The value 1/n, is the power index that a member 
would have were this a simple majority rather 
than a weighted majority game. Thus, 1/n is the 
power index a member would have if parties did 
not exist. This percentage of advantage (+) or 
disadvantage (—) is of interest inasmuch as it 
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indicates something of the incentive a member 
may or may not have for migrating. A member at 
a large disadvantage (e.g., — 25% or — 50%) by 
reason of his location in the party system might 
reasonably be expected to be somewhat restive 
about his party affiliation, while a member with a 


TABLE 1 
THE MIGRATIONS 





Column I 


1. Levacher (Finistére) RI Go to G, 


| 2 


| 
| 
| 


6 Jan. 753 to 
CR 
2. Vallon (Seine-1') | RPF to | G; to G, 
Ribére (Alger-1'*) 13 IOM 
Jan. 753 | NI to 
IOM 
3. Vallon (Seine-1'¢) 23 | IOM Ge to G; 
Jan. 753 to 
RPF 
4, Douala (Cameroun- | NI to G; to G, 
2°) 28 Jan. 53 | IOM | 
5. Gueye (Sénégal) 12 IOMto | Gs; to Ge 
May ’53 NI | 
6. Caillet (Seine-5*) No- | RPF Ge to G; 
cher (Loire) 18 May | to 
53 | NI | 
7. Grosseaud (Seine-3*) | URAS Gy to Gs 
LeFranc (Pas-de- | to 
Calais-2°) 27 May ’53. IRAS | 
8. Gueye (Sénégal) 10) NI | Gg to Gg 
June 53 | to 
IOM 
9. Caillet (Seine-5*) 10) NI Gy to Gio 
June 53 to 
UDSR 
10. Chupin (Finistére) 16 URAS | Gio to Gi 
June ’53 to 
UDSR 
11. Bernard (Seine-et- URAS § Gy to Gi; 
Oise-1"*) 23 Oct. °53 to 
UDSR | 
12. Denis (Dordogne) 23 MRP | Gis to Gig 
Oct. 53 to | 
NI 
13. Ben Aly Cherif (Con- |. MRP | Gig to Gis 
stantine-2°) 17 Nov. to | 
53 NI 
14. Vallon (Seine-1) 27. URAS Gis to Giz 
Nov. 753 to 
NI | 
15. Trémouilhe (Lot-et- UDSR | Giz to Gis 
Garonne) 7 Dec. 53 to 
RRRS 
16. Dommergue (Cantal) CR Gis to Gig 
28 Dec. 53 to 
NI 
17. Fifteen members of CR Gig to Gao 


CR +o 
P 











Column II} Column III | Column IV} Column V ee — eg 
1560 1548 | 13 ~3.1% 
(1174) 1607 — 433 | +0.6% 

1215 | —42 —23.9% 
1604 1174 | +430) 492 | —26.5% 
| | 
| | 
1169 | «1299 | —130 | —18.7% 
27 | «(1222 | $8 | —23.1% 
|2 (1338) |2 (1504) | —513 | ~0.1% 
! | | 
| | | 
/2 (1479) | 2 (1594) | —230 | +1115 | —0.03% 
1321 1110 | +211 | —30.4% 
1437 916 | +6521 | —42.6% 
| 
1380 1592 | —212 | ~0.2% 
1326 1609 — 283 | | +0.7% 
863 1644 | —781 | 42.9% 
| 
1310 1648 —338 | 43.2% 
1265 1612 | —346 +1.0% 
1601 1359 4242 +4347 | —14.8% 
1232 1578 —346 | —1.0% 
| 
15 (1441) 
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Column I 





18. 


19. 


21. 


24. 


30. 


31. 


32. 


34. 


. Renaud 


. Buron 


Three members of CR 
30 Dec. ’53 


Bardoux (Puy-de- 
Déme), Estébe (Gi- 
ronde-1'¢) 30 Dec. ’53 
Montillot (Hte. 
Saéne) 13 Jan. ’54 


(Sadne-et- 
Loire) 18 Feb. ’54 


Lipkowski (Seine-4*) 
23 Feb. ’54 


. Béchir Sow (Tchad) 


9 Apr. ’54 


(Mayenne) 
Monteil (Finistére) 
30 June ’54 

All members of CD 22 


July ’54 


. Moatti (Seine-2°) 23 
July ’54 

. Pinvidic (Finistére) 
27 July ’54 

. Gailliemin (Vosges) 4 
Aug. ’54 

. Frugier (Seine-et- 


Oise-1'*) 31 Aug. 754 


. Sou (Tchad) 31 Oct. 
5A 
Bouret (Cétes-du- 


Nord) 17 Nov. ’54 


Lecoeur (Pas-de-Ca- 
lais-2°) 29 Nov. 754 


Sou (Tchad) 8 Dec. 
54 


. Béchir Sow (Tchad) 


14 Dec. ’54 


Frugier (Seine-et- 
Oise-1'*) 16 Dec. ’54 


| 
} 


| 





WituiaM H. RIkeR 





‘Column II 





CR 
to 
CD 
RI 

to 
CD 
CR 
to 
CD 
IARS 
to 

P 
URAS 
to 

NI 
URAS 
to 

NI 
MRP 
to 

NI 
CD 
to 

P 

RS 
to 

NI 
RS 
to 

RI 
RS 
to 
IARS 
RS 
to 
NI 
RS 
to 
NI 
MRP 
to 
NI 

C 

to 
NI 
NI 
to 
RS 
NI 
to 
IOM 
NI 
to 
IR 





| 


| 














TABLE 1 (cont.) 
© | e , Column | Column 
Column III | Column IV} Column V | VI VII 
os | 
| 3(1696) | 
118 (1577) | —1684 
Goo to Gay | 2(1719) =| 2(1465) +507 +70 
Gx to Grs | 1750 1520 | +230) +1 
Gas toGa | 1442 1604 —162| +18 
Gu to Ges | 1409 1585 5% | 
Gis to Go| 1508 1578 —75 | 
Ges to Gos | 2(1432) | 2(1642) | —419 | 
Gay to Gro | 6(1524) | 6(1603) | —471 | +1401 
Gio to G3, | 1398 1581 | —190 
G3: to Gy | 1489 1581 | —92| +225 
Gute Gy | 10 1375 «| | (+44 | 
G34 to Gss 1416 1578 | — 163 
Gis to Gis | 1450 1874 | —124 
Gs: to Gis | 1492 1655 | 
Gas to Gop | 1501 1670 =| —170 
| | 
Gis to Gio | 1566 1501 | +66| +311 
Guo to Ga | 1296 1506 =| —210| +108 
Ga toGe | 1500 1563 —63 | +262 











Column 
VIII 





-1.1% 


—8.1%, 


—4.8% 


+0.4% 





—0.8% 
—1.2% 
+2.5% 
+0.01% 
+1.2% 
—1.4% 
—1.7% 
—1.4% 
—1.6% 
| +3.6% 
+4.6% 
—6.1% 
—5.6% 


—2.2% 
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large advantage (e.g. +.10) might reasonably be 
expected to be stable. In these calculations 1/n 
is one of the following values: 

lgo7, which is about .0015948963 

lgog, which is about .0015974441 

lga5, which is .0016 

lgo4, which is about .0016025641 
It should be noted that in the game models here 
considered, disadvantages of over 25% are quite 
common, while advantages are rarely greater than 
6 to 8 per cent. 

The entries in columns IV, V, VI, and VII were 
calculated to ten decimal places and then mul- 
tiplied by 10° and rounded off so that .0015602010 
became 1560. 

a. The parties, in the order of their arrange- 

ment in Go and with their size in G are: 


S: Groupe Socialiste; 104 members and one 
apparenté 
C: Groupe Communiste; 96 members and four 


members of the Groupe Progressiste, 
which was during the entire two years 
apparenté to the Communist group. Inas- 
much as the Groupe Progressiste voted 
with perfect discipline in exactly the same 
way as the Groupe Communiste, it seems 
appropriate to list them as one. 

MRP: Groupe du Mouvement républicain popu- 
laire; 85 members and three apparentés 

RPF: Groupe du Rassemblement du peuple fran- 

URAS: ¢ais; 85 members. In May, 1958, this group 

RS: changed its name to Groupe d’Union 
républicain d'action sociale and hence, in 
mentioning events from May, 1953, to 
June 1954, it is referred to as URAS. In 
June, 1954, it changed its name again to 
Groupe des Républicains sociaux, and is 
therefore referred to as RS for events 
occurring from that date to the end of the 
year. 

RRRS: Groupe républicain radical et radical- 
socialiste; 67 members and eight appar- 
enlés 

RI: Groupe des Républicains indépendants; 47 
members and nine apparentés 

CR: Groupe du centre républicain d'action pay- 

sanne et sociale et des démocrates independ- 

ants; 40 members and six apparentés 

Groupe des Indépendants d'action républi- 

caine et sociale; 30 members and two 

apparentés 

UDSR: Groupe de l’Union démocratique et socialiste 
de la résistance; 16 members and two ap- 


IARS: 


parentés 

IOM: Groupe des Indépendants d’outre-mer; 13 
members. 

NI: “‘non-inscrit’’, that is, parties consisting 


of a single member 
The foregoing order persists in Gp to Gig; but in 
December, 1953, two new groups were formed by 
dissident members of CR: 
P: Groupe Paysan 
CD: Groupe du Centre démocratique et social des 
indépendants et paysans 


Hence in Gx to Gx the following order of listing 
exists: S; C; MRP; URAS; RRRS; RI; URAS; 
CR; UDSR; P; IOM; CD; NI. In G2; to Gag URAS 
and RRRS reverse positions thus: 8; C; MRP; 
RRRS; URAS; RI; IRAS; CR; UDSR; P; IOM; 
CD; NI. In Gio to G42 the following order is estab- 
lished as a result of the disappearance of CD: S; 
C; MRP; RRRS; URAS; RI; IRAS; CR; UDSR; 
P; IOM; NI. 


b. The forty-three game models are as follows: 
G, (314; 105; 100, 88, 85, 75, 56, 46, 32, 23, 13,1, 1, 1) 
G, (314; 105, 100, 88, 85, 75, 55, 47, 32, 23, 13,1, 1,1) 
G, (314; 105, 100, 88, 84, 75, 55, 47, 32, 23, 15, 1, 1) 
G; (314; 105, 100, 88, 85, 75, 55, 47, 32, 23, 14, 1, 1) 
G, (314; 105, 100, 88, 85, 75, 55, 47, 32, 23, 15, 1) 
G; (314; 105, 100, 89, 85, 75, 55, 47, 32, 23, 15, 1) 
Ge (314; 105, 100, 89, 85, 75, 55, 47, 32, 23, 14, 1, 1) 
G; (314; 105, 100, 89, 83, 75, 55, 47, 32, 23, 14,1, 1,1, 


1) 
Gs (314; 105, 100, 89, 81, 75, 55, 47, 34, 23, 14, 1, 1, 
I, 1) 
Gs (314; 105, 100, 89, 81, 75, 55, 47, 34, 23, 15, 
Gio (314; 105, 100, 89, 81, 75, 55, 47, 34 
Gi (314; 105, 100, 89, 80, 75, 55, 47, 34 
Giz (314; 105, 100, 89, 80, 75, 55, 46, 34, 25, 
G3 (314; 105, 100, 89, 79, 75, 55, 46, 34, 26 
Gis (314; 105, 100, 88, 79, 75, 55, 46, ant ; 


t 1) 

Gis (314; 105, 100, 87, 79, 75, 55, 47, 34, 26, 15, 1, 1, 
1, 1) 

Gir (314; 105, 100, 87, 78, 75, 55, 47, 34, 26, 15, 1, 1, 
1, 1,1) 

Gis (314; 105, 100, 87, 78, 76, 55, 47, 34, 25, 15, 1, 1, 
1, 1,1) 

Gi (314; 105, 100, 87, 78, 76, 55, 46, 34, 25, 15, 1, 1, 
1, 1, 1,1) 

Geo (314; 105, 100, 87, 78, 76, 55, 34, 28, 25, 15, 15, 
4.4.4,3:3, 8:4) 

Gn (314; 105, 100, 87, 78, 76, 53, 34, 28, 25, 15, 15, 
& 1,1,3;2;1,1) 

Ge2 (314; 105, 100, 87, 77, 76, 53, 34, 28, 25, 15, 15, 5, 
1.3.3, 63.0) 

Gx (314; 105, 100, 87, 77, 76, 53, 34, 27, 25, 15, 15, 6, 
1, 3. 9:43.98) 

Go (314; 105, 100, 87. 77, 76, 53, 33, 27, 25, 16, 15, 6, 
i, 4:82:30 

Ge; (314; 105, 100, 87, 76, 76, 53, 33, 27, 25, 16, 15, 6, 
b, 2,403,453. 9) 

Ges (314; 105, 99, 88, 76, 76, 53, 33, 27, 25, 16, 15, 6, 
L3hitew 

Ger (314; 105, 99, 88, 76, 75, 53, 33, 27, 25, 16, 15, 6, 
LLEEESEH 

Ges (313; 105, 99, 88, 76, 75, 53, 33, 27, 24, 16, 15, 6, 
1,414,663) 

Ge (313; 105, 99, 86, 76, 75, 53, 33, 27, 24, 16, 15, 6, 
1,.3,34,.3,3,3,4,1, 1) 

Gio (313; 105, 99, 86, 76, 75, 53, 33, 27, 24, 22, 15, 1, 
REELED 

Gn (313; 105, 99, 86, 76, 74, 53, 33, 27, 24, 22, 15,1, 
We Ok hoe ve ay oe et 

Giz (313; 105, 99, 86, 76, 73, 54, 33, 27, 24, 22, 15, 1, 
LEER ELBED 
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G33 (313; 105, 99, 86, 76, 72, 54, 34, 27, 24, 22, 15, 1, 
‘4.8.5; 3,5;331, 

Gs, (313; 105, 99, 86, 76, 73, 54, 34, 27, 24, 22, 15, 
a ae a kL) 

Gis (313; 105, 99, 86, 76, 72, 54, 34, 27, 24, 22, 15, 1, 
2: 15423; 1,4,:3, 1; 1) 

Ge (313; 105, 99, 86, 76, 71, 54, 34, 27, 24, 22, 15, 1, 
44:3: 4.1, 1,1;1,1,1) 

G3; (314; 105, 99, 86, 76, 71, 54, 34, 28, 24, 22, 15, 1, 
ES 81-4 541,440) 

G3 (314; 105, 99, 85, 76, 71, 54, 34, 28, 24, 22, 15, 1, 
es BRS Par a Zt a Gm De Fe 

G39 (314; 105, 98, 85, 76, 71, 54, 34, 28, 24, 22, 15, 1, 
fotos 44 154, 4;1,4; 5,1) 

Ga (314; 105, 98, 85, 76, 72, 54, 34, 28, 24, 22, 15, 1, 
.4304:6.4. 13-3, 1,1, 1) 

Ga (314; 105, 98, 85, 76, 72, 54, 34, 28, 24, 22, 16, 1, 
83 8414,4,.1)1, 1) 

Gy. (314; 105, 98, 85, 76, 72, 55, 34, 28, 24, 22, 16, 1, 
1.9. %.1:4, 4.51.4; 1) 

c. The names of the members who joined Groupe 
Paysan in migration 17 are: Antier (Hte. Loire), 
BenTounes (Alger-2°), Champierre de Villeneuve 
(La Réunion), Deshors (Hte. Loire), La Borbe 
(Rhéne-2°), LeRoy Ladurie (Calvados), Oopa 
(Océanie), Paquet (Istre), Pébellier (Hte. Loire), 
Pluchet (Eure), Raffarin (Vienne), de Sesmaisons 
(Loire-Inf.), Toublane (Loire-Inf.), Valle (Const.- 
lve), Vassor (Indre-et-Loire). Those who joined 
CD are: Liautey (Hte. Saéne), Loustaunau-Lacau 
(B. Pyr), Mazel (Lozére) 

d. The members involved in migration 24 are: 
Bardoux (Puy-de-Déme), Estébe (Gironde-1"), 
Liautey (Hte. Saéne), Loustaunau-Lacau (B. 
Pyr.), Mazel (Lozére), Montillot (Hte. Saéne) 

e. In migration 17, of the 46 members of CR, 15 
resigned to form Grpe. Paysan and three resigned 
to form CD. In a major regrouping of this sort, 
it is somewhat difficult to specify the initiator of 
the action. When one or two persons resign from 
a party, they clearly are the ones who initiate a 
change in the status quo. But when nearly half a 
party resigns, the initiating force may be either 
the resigning minority or the majority that retains 
the party name. Or indeed, both majority and 
minority may be regarded as initiators. Here it 
was decided to assume that the minority, which 
had to take the first action, was the initiating 
group. If, however, it is assumed that the majority 
initiated the action, then the total loss (in Column 
VI) for the 28 members is — .0014649320 and the 
sum of Column VI should read — .0053274262. If 
it is assumed that all 46 of the members of CR 
initiated the split then the entry in Column VI 
should read — .0031488413 and the total for the 
column should be — .0070113355. While these two 
alternatives should be pointed out, the interpre- 
tation in the table seems preferred inasmuch as it 
was indeed the minority who initiated the action. 


INTERPRETATION OF TABLE 1 


The test figures are, of course, the sums 
of Columns VI and VII. The sum of Column 





VI (Dojew (Rj) is —.0055464035 and 
(Do iew (Q;)) is +.00393077 10. 

The negative sum in Column VI is some- 
what surprising and deserves interpretation, 
In the first place, one wants to know 
whether or not this negative number is 
significant. Is it large enough to warrant the 
conclusion that members deliberately ig- 
nored the pursuit of power? None of the 
usual statistical tests of significance are 
here available but some indication of the 
significance is perhaps to be obtained from 
the following observation: The sum of Col- 
umn V, that is the sum of the power in- 
dices of the migrators just prior to the migra- 
tions, is .0937982241 and the average for the 
61 persons thus is .0015376758. The average 
loss for each of the 61 persons is —.0000- 
909246, which is 5.9% of the average power 
index at the beginning of the migration. 
Thus it can be said that migrating members 
lost on the average about six per cent of 
their chances to pivot. Considering the in- 
ordinate complexity of those games, a 
six per cent loss does not seem significant. 
Hence I conclude that, since ) jew (R;) 
is a small number, the results of the test 
are truly ambiguous. 

This ambiguity is increased if the sum of 
Column VII is also considered. This sum 
reduces the total loss to —.0016156325 and 
the loss per member to — .0000264858. And 
then the average loss per member from the 
average power index at the beginning of the 
migration becomes 1.7%, which is surely 
unnoticeable and hence negligible. 

In setting standards for the interpretation 
of this experiment it was said that only 
large positive or large negative numbers 
would yield unambiguous results. Having 
obtained relatively small numbers, we find 
ourselves in the unfortunate position of 
searching for meaning in ambiguity. With 
respect to its main object, the search is cer- 
tain to result in frustration, for no method 
is available for resolving the ambiguity. 
But, as a by-product, the search may 
result in some further understanding both 
of the index and of legislators. And with 
the hope of picking up by-products, I 
here set forth some possible interpretations 
of the’ results of this test. 
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Test oF ADEQUACY OF POWER INDEX 


1. One explanation for the fact that both 
Yijew (Ri) and Dijew (Rj) + (Q))) were 
small negative numbers may be that the 
a priori power index is totally irrelevant to 
the actual chances of pivoting in the French 
Assembly in 1953 and 1954. As was re- 
marked at the outset, the a priori index is a 
measure of the theoretical chance of pivoting 
on a roll call and is somewhat analogous to 
probabilities in games of chance. But con- 
niving humans may alter these probabilities 
significantly by forming quasi-permanent 
coalitions. Thus, a party with a fairly large 
computed chance of pivoting, say 49, 
might have in fact no chance whatsoever 
because it did not belong to a quasi-perma- 
nent winning coalition.® If this is the situa- 
tion in the French Assembly, then the a 
priori index measures nothing of relevance 
to persons making a decision on migration. 
And if it measures nothing of relevance, 
one would expect that the outcome of these 
calculations would, by reason of chance 
variation, be a number fairly close to zero, 
which was in fact what was obtained. 

Whether or not this explanation is appro- 
priate for the results obtained depends upon 
empirical investigation to determine the 
existence or non-existence of quasi-perma- 
nent coalitions. Doubtless the best way to 
carry out such an investigation would be to 
construct some sort of empirical power in- 
dex. If it appeared that the empirical and 
a priori indices varied notably for particu- 
lar parties, it would follow that some sort 
of fairly permanent coalition pattern ex- 
isted and that the a priori indices were ir- 
relevant to the decision on migration. But 
for the present at least insuperable difficul- 
ties stand in the way of the construction of 
an empirical index (Shapley & Shubik, 
1954). 

A somewhat less exact way to discover the 
existence of quasi-permanent coalitions has 
been adopted by Campbell (1953). In his pre- 
viously cited study of roll calls during the 


5 For a game theoretic interpretation of the 
role of limiting factors in the formation of coali- 
tions, see R. D. Luce and A. Rogow, “‘A game the- 
oretic analysis of congressional power distribu- 
tions for a stable 2-party system,’’ Behavioral 
Science, 1956, 1, 83-95 and the literature there 
cited on the notion of ¥-stability. 
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Pinay government (1952), he found that 
on 562 divisions in which the government 
took part there appeared to be a govern- 
ment-supporting coalition consisting of the 
MRP, RRRS, RI, IARS, CR, and UDSR, 
and a government-opposing coalition con- 
sisting of Communists and their small 
shadow, the Progressistes. The Socialists 
and Gaullistes seemed genuinely in the 
middle. My impression (based only on 
cursory observation and not on measure- 
ment) is that in the two succeeding years 
this situation did not change basically. 
Inasmuch as there existed a large middle 
group, neither of the quasi-permanent coali- 
tions could win all the time. Hence, while 
the center coalition probably won more 
frequently than the left coalition, an em- 
pirical power index probably would not 
show the center to be distinctly more 
powerful than other parties. Indeed, the 
Socialists and Gaullistes, who were often 
the marginal party in the making and un- 
making of governments, may have had 
more power than the center in these crucial 
decisions. I conclude, therefore, that— 
by reason of the large number of parties 
and the relative fluidity of coalitions— 
an empirical power index would not differ 
notably from the a priori index. It follows, 
then, that this first explanation of the 
nature of > (R;) probably does not ex- 
plain it satisfactorily. 

2. Another possible explanation of the 
fact that Dojew (Rj) and Do jew ((Ri) + (Q))) 
were small negative numbers may be that 
the kind of power that the index measures is 
difficult to estimate in practice in a legisla- 
ture the size of the National Assembly. 
Perhaps the members, though wishing and 
trying to increase their power indices, could 
not figure out how to do so. 

While, as was previously remarked, it is 
obvious that no legislator in this or any 
other large assembly has ever analyzed his 
bargaining position by use of Shapley’s 
theorem on the value of n-person games, 
one of the assumptions of this experiment 
was that in less formal ways members 
might sense changes in bargaining oppor- 
tunities. It was assumed that, in an assembly 
in which new coalitions are repeatedly 
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formed and in which almost the chief 
business is coalition-forming, members with 
low power indices would seldom be needed 
in winning coalitions and would therefore 
sense the impotence of their positions. 
Feeling dissatisfied with their opportunities, 
they would, it was assumed, seek to better 
themselves. Hence it was expected that 
members with low indices would display a 
high propensity to migrate while members 
with high indices would display a propensity 
to maintain the status quo. 

This experiment reveals some evidence— 
not, it must be confessed, very impressive— 
that this assumption is valid. Define an 
advantageous position in a weighted major- 
ity game as one in which the member has a 
power index higher than that which he would 
have if the game were a simple majority 
one. Thus, if there are 627 members and if a 
member’s index is larger than 197, he is 
in an advantageous position. Conversely, 
if it is less 497, he is in a disadvantageous 
position. In this experiment, of the 61 indi- 
vidual changes of party affiliation, 45 oc- 
curred when the member was in a disad- 
vantageous position. (See Column VIII 
of Table 1). Thus, half again as many of the 
migrators were disadvantageously situated 
as were advantageously situated. Some of 
these were in an exceptionally bad position: 
Seven suffered a disadvantage of 15% or 
more and one was 43%. Furthermore, in no 
instance in which an advantageously situ- 
ated member migrated was the advantage 
more than 5%; and in 9 of the 16 migrations 
from an advantageous position the advan- 
tage was less than one per cent. Advantages 
of this order are surely not perceptible in 
day-to-day bargaining. 

Admittedly, this evidence might not have 
existed had the migrations of the 1952 
session been used, for in that year about 
half the migrations were from the RPF to 
the IRAS or to NI. Since during a portion 
of the session the Gaulliste party was the 
largest in the Assembly, the migrators neces- 
sarily left advantageous positions. But the 
migrations of the 1952 session were not 
typical. At no other time in the Fourth 
Republic (and, I believe, at no time in the 
Third) did the largest party in the Assembly 
break up. Indeed, usually the rule is: the 
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larger the party the more stable its member- 
ship. One may attribute this stability in 
the Fourth Republic to the fact that the 
largest parties (i.e. the Socialists and Com- 
munists besides the Gaullistes) have been 
the most rigorously disciplined ones. But 
beneath the effects of discipline may well be a 
realization of advantage in power. Realpoli- 
tik as well as ideology may keep the large 
parties together. Conversely, the great 
majority of migrations, except for the ses- 
sion of 1952, have been among the medium 
sized and small parties. One interesting by- 
product of this experiment is the realization 
that the instability of membership of the 
small and medium sized parties in multi- 
party assemblies may derive as much from 
rational attempts to increase bargaining 
opportunities as from irrational considera- 
tions of ideological satisfaction. 

But even though, as this slight evidence 
suggests, the migrators may have been 
motivated in part by rational considerations 
of power maximization, still they may not 
have been able to calculate their potential 
advantages rationally. In the absence of 
electronic computers, a member knows 
that he has gained or lost by his migration 
only if he senses (and that grossly) a gain 
or loss in offers for his membership in coali- 
tions. In day-to-day bargaining it is prob- 
able that gains and losses of less than 25% 
are not perceptible. Very few gains or 
losses of this ‘order occurred in the two 
sessions under consideration. Three mem- 
bers (Vallon in migration 2 and Buron and 
Monteil in migration 23) lost more than 25% 
in their power index by the migration and 
two members (Vallon in migration 3 and 
Caillet in migration 9) gained more than 
25%. It is perhaps notable that Vallon, 
having lost dramatically by his action in 
migration 2, perhaps attempted to recoup 
in migration 3. (Something of the same 
thing happened to Caillet: Having lost by 
migration 6, he recouped by migration 9. 
Still, his associate in migration 6 made no 
attempt to recoup.) But such behavior is 
too infrequent to be used as statistical evi- 
dence of anything. Hence, if it is assumed 
that only gains and losses of more than 25% 
are clearly perceptible in daily bargaining, 
then it follows that, in the 34 migrations 
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here considered, only a statistically unre- 
liable few involved behavior in which ra- 
tional considerations might have been in- 
volved. Hence it may well be that the small 
negative sum of R; may be wholly acci- 
dental. 

3. A third possible explanation of the 
fact that Do jew (Rj) and Do jew ((Ri) + (Q,)) 
were small negative numbers may be that 
the migrating members in this experiment 
were truly indifferent to power considera- 
tions. They may have truly preferred to 
give expression to their ideological con- 
victions than to increase their power. In 
the present context the maximization of 
power is equated with rational behavior 
(an abstraction of political man analogous 
to the abstraction of economic man). 
Assuming that ideological convictions are 
irrelevant to considerations of power, 
behavior motivated by ideology must be 
regarded as irrational. It is difficult to 
imagine that over 40 members of the na- 
tional legislature in a nation whose cultural 
leaders pride themselves on their logic 
would allow political ideals to divert them 
from realpolitik. One hardly expects a con- 
cern for principle to appear in la République 
des camarades. But, as most observers of 
French politics in the Fourth Republic 
have remarked, party leadership is much 
more compelling than it was in the Third. 


And parties may indeed have elevated 
ideology above power. 

I am personally inclined to favor the 
second explanation; but I do not exclude 
the possibility that the first and third may 
also be involved. 

Unfortunately, by reason of the ambi- 
guity of the result, this experiment proves 
nothing about the assumptions beneath 
the power index. It does, however, suggest 
one possibly significant conclusion: In a 
large assembly with many parties, the bar- 
gaining situation is so confused that mem- 
bers cannot determine where they stand. 
Indeed, in such assemblies, by reason of 
the complexities of relationships, members 
probably cannot be expected to behave 
rationally. 


REFERENCES 


Campbell, P. Discipline and loyalty in the 
French parliament during the Pinay govern 
ment. Pol. Stud., 1953, 1, 247-257. 

Riker, W. H., & Schaps, R. Disharmony in 
federal government. Behav. Sct., 1957, 2, 
276-290. 

Shapley, L. 8. A value for n-person games. Ann. 
Math. Study No. 28, 1953, 307-317. 

Shapley, L. S., & Shubik, M. A method of eval- 
uating the distribution of power in a com- 
mittee system. Amer. Pol. Sci. Rev., 1954, 
48, 787-792. 

Simon, H. A. Models of man. New York: Wiley, 
1957. 


(Manuscript received March 5, 1958). 


The way in which the persecution of Galileo has been remem- 
bered is a tribute to the quiet commencement of the most intimate 
change in outlook which the human race had yet encountered. 
Since a babe was born in a manger, it may be doubted whether so 
great a thing has happened with so little stir. 





A. N. WHITEHEAD, Science and the Modern World 











CRITIQUE AND COMMENT 


The Soviet philosopher of science, like his western colleague, undertakes 
the task of analyzing and explaining the logical structure and the broad 
philosophical significance of new scientific fields. However in the performance 
of this task he must face a special problem, with which the Western philoso- 
pher is hardly concerned: how to fit the logical structure of recognized scien- 
tific achievements into the prescribed scheme of Communist official 
philosophy, “dialectical materialism,” the only philosophy recognized as 
“scientific” in Communist dogma. This article illustrates some of the diffi- 
culties of this problem as well as considerable ingenuity on the part of some 
Soviet philosophers in dealing with it. 


A SOVIET VIEW OF CYBERNETICS 


ranslator’s Preface. The following is a 

translation of an article entitled ‘““What 
is Cybernetics?” which appeared in the 
Russian philosophical journal Voprosy Fil- 
osofii, 1955, No. 4, pp. 148-159. A few words 
about the background of such articles (of 
which there have been many) may be of 
help to the Western reader in understanding 
its arguments and its tone. 

Soon after the end of World War II, there 
appeared in Russia a rash of diatribes 
against the products of Western European 
and American culture. Literature and the 
Arts were especially brutally vilified, the 
theme of ‘decadence’ being predominant. 
Philosophy fared no better.' It was not long 
before similar intellectual lynchings spread 
to science. The liquidation of the genetics 
institutes and the brow-beating of dis- 
tinguished workers in that field by Lysenko 
and his hangers-on are well known. In- 
credible as it seems, the Soviet scientific 
community deliberately cut itself off from 


1 For examples of especially bitter attacks see, 
for example, B. Bykhovsky, ‘The morass of modern 
bourgeois philosophy,’’ ETC. A Review of General 
Semantics, Vol. § Autumn 1948 (my translation of 
an article, which appeared in Bolshevik, Vol. 
24, August 30, 1947); also ‘‘A Soviet account of 
semantics,” in Language, Meaning, and Maturity 


(S. I. Hayakawa, ed.), New York: Harper Bros., 
1954; Fenton Jameson’s translation of the entry 
‘Semantic Philosophy” in The Short Philosophical 
Dictionary (Rosenthal and Yudin, Eds.), Moscow: 
State Publishing House for Political Literature, 
1951. 
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important sectors of world science because 
genetics was pronounced an anathema by a 
man who, according to all evidence, had 
not an inkling of an idea of what genetics 
dealt with, of its methods, findings, or 
achievements.? 

There were further attempts to dis- 
credit the greatest achievements of modern 
physics, especially . relativity theory and 
quantum mechanics. Even symbolic logic 
was pilloried. 

The method of attack was always the 
same. One fixed the label of ‘idealism’ on 
the theoretical underpinnings of the science 
under attack. The connotations of that word 
are so utterly evil for a pious Communist 
(ef. the signal reactions to “Communism” 
in our own midst) that not much further 
needs be said, once the label sticks. Whether 
it sticks depends first and last on who pins it. 
Since critical, philosophic, moral and aes- 
thetic, in short all intellectual orientations 
which enjoy public dissemination, were (and 
perhaps still largely are) decreed in the 
U.S.S. R., there is seldom any question that 
the pinner of the label does so with authority. 

Sometimes the connection between 4 


? The most complete account is in The Situation 
in Biological Science, Proceedings of the Lenin 
Academy of Agricultural Sciences of the U. S. 8. R. 
Session: July 31-August 7, 1948. Verbatim Report. 
Moscow: Foreign Language Publishing House, 
1949. Other sources: Conway Zirkle, Death of a 


Science in Russia; my article, “Death of communi- | 


cation with Russia?” ETC., 1950 7, 83-96. 
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theoretical system and ‘‘idealism’’ alto- 
gether eludes understanding, as in the case of 
genetics. In the case of the theoretical 
framework of modern physics, a tenuous 
connection can be made out if one knows 
something about the Communists’ sensi- 
tivity to anything which can be traced to 
the operational point of view. This sensitiv- 
ity has a long history and deserves a separate 
discussion. 

After Stalin died, a general relaxation be- 
came evident in the U. 8S. S. R., “The 
Thaw,” as Ilya Ehrenburg called it in his 
novel. The damages of paranoid*® obscuran- 
tism in scientific criticism became all too 
apparent, and attempts were made to re- 
establish a saner intellectual climate. It 
goes without saying that a primary motiva- 
tion in encouraging these attempts must 
have been a realization that zn toto rejection 
of many scientific. advances, just because 
they originated in the West, would even- 
tually choke off scientific progress in the 
U.S. S. R. The results of this progress could 
not be dispensed with. 

However, scientific advances are not just 
“results’’; they are results based on theory. 
And there is no getting around it: the most 
important advances in theory often become 
possible only through revisions of the very 
foundations of scientific epistemology. So 
it was in relativity and in quantum mechan- 
ics. How, then, does one admit philosophical 
revision if one declares a particular philo- 
sophical formulation of mid-nineteenth cen- 
tury to be the only correct view of the world? 
It is highly instructive to see how Soviet 
philosophers of science deal with this 
dilemma.‘ 

In the present article the author’s task is 
to re-establish cybernetics as a respectable 
branch of science. As he himself points out, 
cybernetics had suffered the same _ hostile 
reception that had greeted other “bourgeois”’ 
scientific developments. It was evidently 


*I mean paranoid. In one article, cybernetics 
was depicted as a deliberate mystification con- 
cocted by the imperialists to send Soviet scientists 
on a wild goose chase. The author of “What is 
Cybernetics?” gently ridicules this idea. 

‘ef. Filosofskie Voprosy Sovremennoi Fiziki, 
al Academy of Sciences of the U.S. S. R., 
952. 
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safe at the time of writing to spring to the 
defense of cybernetics, never forgetting, 
however, its “bourgeois” origin and hence 
its contamination with “idealism.” To pre- 
serve the orthodox position, the author, 
therefore, re-asserts now and then the 
correctness of criticising the “idealistic 
conclusions” drawn by “bourgeois philos- 
ophers”’ from the findings of cybernetics and 
the “bad uses” to which cybernetics is put 
in the capitalist world. What the “idealistic 
conclusions” are is not indicated. As for the 
“bad uses” these are, according to the 
author, exorbitant claims and hullabaloo 
(he’s got something there, although these 
unfortunate by-products can hardly be put 
at the doorstep of our philosophers) and the 
supposed threat of automation used by the 
employers to scare white collar workers into 
submission. No comment. 

At any rate, having done his duty of 
sneering at the powers of evil, the author 
proceeds to the defense of cybernetics as an 
important science. In this he does a thor- 
oughly competent job. The exposition of the 
principles is clear and to the point. The main 
emphasis of the defense is, as would be 
expected in the U.S. S. R., on the applica- 
tion potential of cybernetics. (Let us not 
forget that with us too a writer, addressing 
himself, say, to our government or business, 
would have to place his emphasis on exactly 
the same thing.) However, the theoretical 
significance of cybernetics and of the phys- 
ico-mathematical methods in areas outside 
of physics proper are by no means neglected. 
In particular the notion of mathematical 
isomorphism and of the unifying power of 
mathematical models is brought out very 
forcefully. Altogether the article is of high 
caliber. 

A third avenue of defense is less palatable 
to the Western scientist, namely the comb- 
ing through the works of Marx, Engels, 
Lenin, and Stalin for corroborating passages. 
Some of these attempts to lean on authority 
verge on the pathetic. It is pointed out, for 
example, that Marx mentioned the tele- 
graph as an organ of the human brain; not 
hand, mind you, brain. Therefore the idea of 
extending the human brain (as well as hand) 
by technological devices (which cybernetics 
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makes possible) ‘is all right, and Marxists 
ought not have any misgivings about its 
being “‘idealistic.” 

In another article on cybernetics of similar 
content in the same issue of Voprosy, 
Wiener’s sharp criticism of capitalist com- 
petitive economy is offered as an implicit 
defense of cybernetics as worthy of Soviet 
attention. The author of the present article, 
however, after pointing out Wiener’s socio- 
political views, invites the examination of 
cybernetics on its own merits. 

It goes without saying that no moral or 
intellectual judgement of the author is in- 
tended as attention is called to such argu- 
ments. One does what one can in circum- 
stances in which one finds himself. Noting 
unfortunate biases in others is of value only 
to the extent that we are moved to examine 
our own attitudes for such bias. All in all, 
E. Kolman has done an admirable job of 
contributing toward a greater understanding 
of the essential unity of the scientific en- 
deavor. One hopes that the tendency repre- 
sentative of his article will continue. 

—A. R. 


WHAT IS CYBERNETICS? 


by E. Kolman 


An article signed ‘Materialist,’ entitled 
“Whom Does Cybernetics Serve?” was 
published in Voprosy Filosofii (1953, No. 5). 
A similar article by André Lantin appeared 
in Pensé, a French progressive journal (Vol. 
47, 1953). Finally, Mysl Filozoficzna, the 
journal of the Polish Academy of Sciences 
(1954, No. 4), contains an article by S. 
Boguslawski, G. Greniewski, and I. Szapiro, 
entitled ‘‘Dialogues on Cybernetics.” 

These articles justifiably criticize the 
hullabaloo which arose around cybernetics, 
especially in the U. S. A. They emphasize 
attempts to sell cybernetics as a universal 
science capable of replacing above all 
psychology and the social sciences. Some 
cybernetics scientists, and to a larger extent 
the philosophy and propaganda of reaction- 
ary journalists that live parasitically on 
cybernetics, have spread assertions to the 
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effect that automatic and electronic com. 
puters can fully replace the mental work of 
man. 

It is true that cybernetics has been utilized 
by the reactionaries to “freshen up” bour. 
geois sociology and idealist philosophy, to 
give them the semblance of science. Still all 
those articles have approached this question 
somewhat one-sidedly. They saw a new 
field of science—cybernetics—only from this 
angle and have obscured the positive side, 
A broad movement has developed around 
cybernetics. Of course nothing is easier than 
to declare cybernetics to be a mystification, 
a pseudo-science, etc. But it seems erroneous 
to suppose that our opponents occupy them- 
selves with nonsense, spend enormous 
amounts of money, create entire institutes, 
call national conferences, publish special 
journals—all in order to discredit Pavlov’s 
teachings and to drag idealism and meta- 
physics into psychology and _ sociology. 
There are more effective and less expensive 
ways of carrying on idealist propaganda and 
warlike agitation than preoccupation with 
cybernetics. Besides it is impossible to 
underrate the fact that one of the greatest 
physicists of our time, de Broglie, headed a 
conference on cybernetics in France in 1951. 
In his extremely interesting and profound 
paper, “The Philosophical Meaning and 
Practical Significance of Cybernetics” 
(Atoms, January, 1952), de Broglie criticizes 
the unfounded pretensions of cybernetics 
replacing other sciences, psychology and 
sociology in particular. At the same time the 
paper as a whole is devoted to the examina- 
tion of the positive side of cybernetics. . 

It is just this positive side which deserves 
the careful attention not only of technicians 
and mathematicians but also of philosophers. 

First, what is cybernetics? The name 
derives from the Greek cybernos, meaning 
steersman. It is supposed to signify the 
science of regulation in the broadest sense. 
The word was coined by the eminent French 
physicist and philosopher, Ampére, who 
attempted in a book published in 1843 to 
give a scientific classification of the sciences. 
At that time it was a name of a not yet 
existent science. But of course the name is 
not of central importance. 
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Modern cybernetics appeared one hundred 
years later. It was developed by the work of 
scientists of many countries, among whom 
Russian and Soviet scientists played an 
important role—Chernyshev, Shorin, Andro- 
nov, Kulebakin and others. Finally it was 
formulated as a new field of science by one 
of the most eminent of American mathe- 
maticians, Norbert Wiener (1894-— ), pro- 
fessor of mathematics at Columbia (sic), 
who had done original work in mathematical 
statistics and harmonic analysis. During the 
war he worked on the applications of mathe- 
matics to radio interference, to automatic 
fire control, and also to problems associated 
with electronic computers. Having con- 
ceived of the idea that quantitative regular- 
ities of oscillation in various regulating 
systems of signal transmitting mechanisms 
are similar to the quantitative regularities 
in certain processes occurring in the nervous 
system, Wiener undertook special work in a 
physiological institute in Mexico. 

Wiener is the author of two fundamental 
books on cybernetics. The first appeared in 
1948 under the title of Cybernetics or Control 
and Communication in the Animal and the 
Machine. In various places Wiener refers to 
the works of Soviet scientists, Pavlov, 
Kolmogorov, Krylov, and Bogoliubov. In 
the last chapter there is expressed, rather 
vaguely, a supposition that cybernetics may 
be utilized for the study of social phenomena. 
Here we have Wiener’s view, which he 
stated in an interview published in Atoms 
(1951), namely that ‘whether a machine 
thinks or not—this is only a matter of 
definition.” In other words, he evidently 
shares the pragmatic point of view, the 
subjective-idealist current, widely spread in 
the U. S. A., which asserts that “that is 
true which is useful.” 

In 1951 a second book by Wiener ap- 
peared, entitled The Human Use of Human 
Beings, a popularization of cybernetics. The 
following definition is given there: ‘“Cyber- 
netics is an analytic study of the isomor- 
phisms of the communication structures in 
mechanisms, organisms, and _ societies.’’ 

*As is known, isomorphism in mathematics 


means a correspondence between two systems in 
which definite relations among the entities of one 


system correspond to definite relations among the. 
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Here psychic and social processes are treated 
as mechanical and physical ones and in the 
interests of popularization everything is 
presented in an extremely simplified form. 
In contrast to the first, this book contains 
not only political assertions—praises of 
liberalism typical of many bourgeois intellec- 
tuals—but also a sharp criticism of American 
monopoly politics and of the regime estab- 
lished by them, a criticism which resulted in 
the removal of the book from American 
libraries. 

Of course our evaluation of cybernetics is 
not determined by the political views of N. 
Wiener. Neither does his philosophical 
position determine uniquely the content and 
significance of cybernetics and consequently 
our attitude toward it. Nonetheless it is 
interesting to acquaint oneself with his 
personality. 

But what is cybernetics if we discard the 
deposits upon its body produced by the 
conditions in which it was born? Cybernetics 
is a scientific theory which studies processes 
of totally different nature but which are 
similar in their quantitative form and which 
therefore lend themselves to a unified treat- 
ment. 

Such a state of affairs is not new in natural 
science. The theory of oscillations may serve 
as an example. Oscillations can be mechan- 
ical, acoustical, thermal, optical, electro- 
magnetic, astrophysical, physiological, etc. 
There may be economic oscillations, men- 
tioned by Marx in his famous letter to Engels 
(May 31, 1878) where he declares that he 
intends to determine the basic laws of 
economic crises by applying mathematical 
analysis to annual price fluctuations. 

Hence oscillations may be qualitatively 
different, but their quantitative form will be 
general. Therefore there is a possibility of 
creating a general mathematical theory of 
oscillations, which, in fact, exists. 

We have something similar in cybernetics, 
since cybernetics is a mathematical theory 
of information and of regulation of mechani- 
cal devices—processes which may have very 
different material bases. 





entities of the other and vice versa (e.g. between 
the real numbers and the points of'a line). [Au- 
thor’s footnote. ] 
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What sort of processes are these? Let us 
take a simple example. The centrifugal 
governor of Watt which regulates the speed 
of a steam engine or a turbine is well known. 
The governor rotates with the shaft. As 
speed increases, the weights of the governor 
depart from the axle and lift a jacket. A 
lever connected to the jacket closes a lid 
which regulates the access of steam into the 
cylinder. As a result, less steam enters the 
cylinder and the speed ceases to increase. As 
the speed decreases, the weights approach 
the axis, the jacket goes down, the lever 
opens the lid, more steam is admitted, and 
the speed increases. 

But let us examine this regulator from a 
somewhat more general point of view. It is 
a self-regulatory mechanism. It makes super- 
fluous the participation of a man who would 
be opening and closing the lid. The machine 
does this itself in that it transmits to the 
regulating assembly the necessary informa- 
tion concerning the deviation of speed of 
rotation from the norm. Hence there is 
present a mechanism which sees to it that a 
certain quantity, in this case the angular 
velocity of the shaft, is constant. Formerly 
a man had to do this. The machine has re- 
placed him. And this not only in the sense 
that he need not perform the motions with 
his hands and so dissipate physical energy. 
The machine as a complex tool which is an 
extension of a human hand had been dis- 
covered long ago. However in this case the 
machine replaces not only the physical 
function but also a psychological function— 
the attention of man. It is no longer neces- 
sary to watch the changes in speed; the 
machine does it. 

A more complex machine of the same sort 
is the autopilot. While formerly the pilot had 
to watch whether the plane deviates from 
the chosen direction to the right or to the 
left, whether it banks to one or the other 
side, whether it tips up or down, now this is 
all done by the autopilot. The autopilot is a 
sensitive system which regulates the devi- 
ations in that it transmits information to 
the governing system. This system amplifies 
the signal it receives and transforms it into 
mechanical motion, which acts through a 
force-transmitting system on the proper 
control. To prevent the oscillations of the 


plane there is a feedback which links the 
deviation of the plane with the angle of the 
control. The basis of the sensitive system 
is a gyroscope. The deviations of the plane 
from its stable position are transmitted by 
electrical impulses. 

Among the various automatic devices con- 
structed on the principle of receiving and 
transmitting information, electronic com- 
puters deserve special attention. To be sure, 
it would be erroneous to suppose that cyber- 
netics, the mathematical theory of informa- 
tion, reduces only to the theory of computing 
machines. However the construction of such 
machines played a large part in the develop- 
ment of cybernetics and their significance is 
really immense. This is an indisputable fact. 
One could only argue about whether to 
compare the introduction of computing 
machines with the revolution resulting from 
the transition to the decimal system of 
computation or with that resulting from the 
invention of printing. One might be skeptical 
about this and view it as an unfounded 
exaggeration, especially since the publicity 
accompanying cybernetics in the U. S. A. 
makes the Soviet man legitimately wary. 
Does the invention of electronic computers 
really portend a revolution of such magni- 
tude? After all, no revolution is yet discern- 
ible. But imagine for a moment a man living 
in the fifteenth century at the time printing 
appeared in Western Europe. He could 
barely have imagined the consequences of 
this invention, the huge cultural revolution 
which came in its wake. The idea of com- 
puting machinery is very old. Already in the 
Middle Ages Raymond Lully (1235-1315) 
invented a very simple logical machine. 
Pascal built the first arithmetic calculating 
machine in 1640 at the age of 17. Leibnitz 
perfected Pascal’s machine in 1671. The 
arithmometer was created already in the 
nineteenth century, and the invention of a 
St. Petersburg engineer, Odner (1874), played 
a significant part in it: he introduced the 
rotors bearing his name. The first machine 
for integrating differential equations was 
build in Russia by A. N. Krylov in the 
beginning of our century. 

Computing machines reduce the four 
operations of arithemetic to one, namely 
addition. Subtraction is performed as an 
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operation inverse to addition. Multiplication 
is reduced to iterated addition; division to 
iterated subtraction. In other words, the 
computing machines simulate the historical 
development of mathematical operations 
beginning with ancient Egypt and Mesopo- 
tamia. There is a simple mechanical principle 
underlying the basis of the computing 
machine. They have a system of cogged 
wheels each of which is divided into ten 
sectors corresponding to the digits 0 to 9. 
The single step rotation on the wheel signi- 
fies the addition of a unit. The complete 
revolution of a wheel is transmitted to the 
next wheel, turning it by one step, which 
corresponds adding a unit of the next power 
of ten. The automatization of the decimal 
transmission, first realized in the calculator 
built by P. L. Tschebyschev in 1878, was an 
important stimulus in the development of 
computing machines. 

It goes without saying that calculating 
machines already relieve much human labor, 
to be sure more in accounting than in mathe- 
matics. Besides the calculators, statistical 
machines are also forerunners of modern 
mathematical machines. When in the period 
of imperialism the large capitalist states 
introduced regular censuses, the early 
methods of processing statistical data be- 
came insufficient. At that time statistical 
machines were introduced, based on the 
principle of punched cards. A hole is punched 
at a certain place in a card to correspond to 
some tabulated trait. Statistical machines, or 
more generally machines which do both 
calculation and analysis, therefore perform 
the logical operation of classification: they 
sort the cards, selecting those which contain 
the required numbers or traits; they can 
arrange them in a given order, compare 
numbers, etc. Hence these machines are 
applicable in solving mathematical problems 
in which there are many operations of one 
kind. 

Calculators and calculating-analytic ma- 
chines led to the appearance of a new 
type of machine, namely the high speed 
computer with automatic control. The first 
machines of this sort were built in 1943 to 
serve the needs of artillery and aviation. 
They have electro-mechanical or electronic 
relays instead of wheel mechanisms. Num- 


bers are represented by electrical impulses 
which make possible arithmetic calculations 
thousands of times more rapid that those 
performed on calculators. 

These machines not only work with in- 
credible speed but also transmit the results 
of intermediate operations from one part of 
the machine to another; for which operation 
they have a memory device in the form of 
electronic registers, mercury lamps, etc. If 
in the course of solving a problem there is a 
“branching,” the machine automatically 
selects the path of further calculation de- 
pending on the intermediate results already 
obtained. If the problem is improperly put 
and leads to contradictions, and also when 
errors exceed admissible limits, the machine 
announces this by a signal and stops. 

“Commands” concerning the sequence of 
operations as well as the initial data are re- 
corded on punched tape or on magnetic tape. 
Thus before starting the machine, the mathe- 
matician must work out a program for solv- 
ing the problem and to translate this prob- 
lem in accordance with a certain code into 
the language of “commands” which can be 
“‘understood”’ by the machine. 

Because vacuum tubes have replaced 
wheels in the new computing machines, the 
binary system instead of the decimal is used 
in them, sometimes a combination of binary 
and decimal systems. The machine does not: 
record symbols. Instead of symbols, se- 
quenczes of electrical impulses correspond to 
numbers. If only two symbols are used, 0 and 
1, the presence of a pulse corresponds to 1, 
and its absence to 0. The number of impulses 
attains the magnitude of hundreds of thou- 
sands per second; hence the speed of opera- 
tion. 

These machines are pretty bulky. Thus a 
numerical integrator occupies the space of a 
small automatic telephone exchange and 
contains 18,000 vacuum tubes, 70,000 con- 
densers, and about a half million connec- 
tions. However recently a significant sim- 
plification and reduction of size has been 
attained by using crystals instead of vacuum 
tubes. Such machines can solve systems of 
linear algebraic equations, algebraic equa- 
tions of higher degrees, ordinary and partial 
differential equations, integral equations, 
ete. 
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Electronic computers first of all economize 
and expedite labor. But this is not all. There 
are problems which it would be hopeless to 
try to solve with ordinary calculators. Their 
solution would demand such an immense 
amount of time that it would be useless to 
obtain it. Practically speaking, the problem 
of predicting the weather is an important 
example. The theory of meteorological pre- 
diction of weather is sufficiently developed. 
If we at times complain of the errors made 
by the weather bureau, it is not the fault of 
meteorological theory. In ihe first place the 
initial data are not always complete, partly 
because the network of weather stations is 
not yet sufficiently dense, partly because of 
political conditions which preclude the 
organization of a unified meteorological 
service. 

Secondly, even if sufficient data were 
available and transmitted from the field by 
radio or telegraph, there is still another 
difficulty: to predict weather 24 hours in 
advance, it is necessary to solve a system of 
non-linear partial differential equations. The 
method of solution is known, but two weeks 
are required for solution by ordinary means, 
and hence the solution will have lost its 
practical value. With a computer, only two 
hours is required for this solution. At this 
time, work is going on for further improve- 
ment of this method which will make 
weather prediction still more precise by 
means of special machines which are used 
only for the solution of weather equations. 

But the significance of modern computers 
and similar machines is much broader. In 
the two hundred years from 1726-1926, 
according to statistical data there were pub- 
lished on a single particular subject, namely 
zinc, 7,281 papers in all languages; while in 
the twenty years from 1926-1946, 19,431 
papers were published on this subject. 

Evidently the number of scientific papers 
is growing in avalanche-like fashion. The 
scientific worker and the bibliographer finds 
it more and more difficult to orient himself 
in the literature. This is true of any branch of 
knowledge. However the machine comes to 
our. aid. All the facts about every paper 
which appears are recorded on a punched 
card which is inserted into the machine. 
Suppose you need to know all the papers in 
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the Russian language for such and such q 
period about such and such zine compounds, 
The bibliographer inserts the order into the 
machine and in a few seconds gets the cards 
with the required information. In addition 
the cards carry a microfilm where important 
formulas, abstracts, ete., are recorded. 


The application of electronic computers | 


opens perspectives for the development of 
the natural and technical sciences them- 
selves. Some experimental data used to be 
thrown away altogether, other data used to 
be rounded off in order that at least an 
approximate solution might be obtained; 
because if all data were to be taken into 
account, mathematics could not deal with 
the problems. However we have now the 
opportunity, namely by utilizing computing 
machines, to advance to a higher level of 
precision. 

Let us now examine the significance of 
computing machines for mathematics. It is 
evident that no matter how perfect a 
machine may be, it cannot calculate by it- 
self; it must be given a program by a human 
being. To do this, it is required to work out a 
system of calculations so that the problem 
will be solved with a given precision of the 
final steps in accordance with certain rules. 
Moreover, if possible, this system must be 
suitable for a whole class of problems. A 
system of this sort is called an algorithm 
[we call it ‘“heuristic’—Translator]. With 
the appearance of electronic computers, 
mathematics is faced with the problem of 
inventing algorithms for the various types of 
problems. Hence the origin of the theory of 
algorithms. 

Our Soviet mathematicians have been 
attracted to this new field, especially A. A. 
Markov, Jr., whose remarkable work, The 
Theory of Algorithms, has recently appeared. 
P.S. Novikov, N. A. Shanin and others have 
made notable contributions. In particular, 
it has been shown that there exists a class of 
problems for which it is impossible to con- 
struct a single algorithm: each problem 
must be solved separately. From this it is 
already clear that it will never be possible to 
build computing machines which would 
completely replace the work of mathemati- 
cians. 

There is no need of elaborating on the 
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colossal importance of computers in con- 
structing various mathematical tables. We 
will, however, mention one more field of 
mathematics in which computers can be of 
great help. There is a considerable number of 
unsolved problems in the form of unproved 
and unrefuted hypotheses [conjectures— 
Translator]. These are especially numerous 
in the theory of numbers. Of course com- 
puters cannot decide with finality whether a 
given hypothesis is valid, but they can sig- 
nificantly strengthen its plausibility. 

In this way self-regulating automatic, 
electronic computers and similar devices not 
only effect extraordinary savings of human 
mental effort but make possible much of 
what had been unattainable. And we are 
indebted for all this to the mathematical 
theory of information as well as to the 
achievements of electronics. We shall try 
briefly and simply to present its essence. 

Suppose we have a book, say of 1,024 
pages and suppose we know that there is on 
some unknown page a single figure. Wishing 
to find this page we page through the book, 
that is, we ask whether each page in turn 
contains the figure, getting either a “‘yes”’ 
or a “no.” Having received a ‘“‘yes’’ we stop 
our search: our problem is solved. But the 
figure may be on the last page, in which case 
we will need 1,024 answers, i.e., 1,024 
pieces of information. But there is another 
way of solving this problem. 

The book has 1,024 pages; half the book 
has 512 pages. I take the first half and paging 
through very quickly do not find the figure. 
Then I pass to the second half and cut the 
number of pages in half. Paging very quickly 
through the next 256 pages, I notice that the 
page with the figure has flashed among 
them. Leaving alone the remaining 256 
pages, I will search among the former by 
the same method, each time halving the 
number of pages. Clearly I will “inquire” 
only ten times, since 1,024 = 2!°, 

This simplest example shows that the 
‘fnformation content” of this process has 
nothing to do with the nature of the figure 
nor with the meaning of the signals. The 
process may be not only paging through a 
book but also the transmission of dots and 
dashes of Morse Code or the transmission 
of “commands” in a self-regulating autom- 
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aton or in a computing machine. The 
important thing is to determine the smallest 
number of yes-no answers (10 in our ex- 
ample) necessary to determining the selec- 
tion from the whole aggregate (1,024 in our 
example). 

It can be shown that the amount of infor- 
mation is proportional to the logarithm of 
probability. This is analogous to the famous 
theorem of Boltzmann in physics, which 
connects the entropy of a system with its 
thermodynamic probability. According to 
the second law of thermodynamics, heat can 
spontaneously pass only froma warmer body 
to the cooler one but not the other way 
around. Thus the temperatures are equal- 
ized. In this process the total amount of 
energy in the system will not decrease, 
since no work has been done. But another 
physical characteristic will undergo a 
change in the system where heat is ex- 
changed. This characteristic is entropy, 
once picturesquely called the shadow of 
energy. 

As the temperatures are equalized, the 
entropy increases. As long as the bodies had 
different temperatures, a quantity of energy 
could have been used for work. This possibil- 
ity is excluded when the temperatures are 
equal, even though the energy has not been 
lost. As we know, the idealists have deduced 
from this the so-called heat death of the 
universe, which Engels has exposed as 
erroneous in his Dialectics of Nature. But 
here we are interested in another aspect of 
the second law. The increase of entropy in a 
macrosystem means that this system is 
approaching an equilibrium state, which, as 
Boltzmann’s Theorem shows, is also the 
more probable state. Entropy appears as a 
measure of probability that a system is in a 
given state. Comparing this result with the 
expression for the amount of information we 
note that there is a complete analogy be- 
tween entropy taken with the opposite 
sign, and therefore called negentropy, and 
the amount of information which we can 
obtain. Because of accidental interference in 
the transmission, information can only 
decrease and never increase, just as is the 
case with the negentropy of a finite macro- 
system. 

The fact that the amount of information 
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can be identified with negentropy and can 
thus be studied by means of probability 
theory has a decided significance for the 
theory of coding. A code is a system of 
“commands” introduced into a universal 
digital electronic computer in order to 
transmit to it the computing program. A 
“command” is a set of numbers, in which the 
first conventionally designates the required 
operation and the remaining ones designate 
the cells of the memory component of the 
machine. Similar codes—systems of im- 
pulses—are found in _ telecommunication 
engineering. In designing a code it is impor- 
tant to achieve maximal brevity consistent 
with unambiguity, clarity, and the exclusion 
of failure or error in transmission. The theory 
of coding offers the possibility of solving 
these problems. It is based on the investiga- 
tions in the years 1910-1919 of the famous 
Russian mathematician, A. A. Markov, Sr., 
who has also studied linked events in which 
the probability of each depends at most on 
the probabilities of the preceding two; and 
on the work of the American mathematician 
Shannon. (cf. A. J. Khinchine, ““The Concept 
of Entropy in the Theory of Probability,” 
Uspekhi Matematicheskikh Nauk, Vol. 3, 
1-20, 1953.) 

We have already called attention to the 
importance for electronic computers of the 
binary reckoning system. We have noted 
that in the theory of information there are 
also just two symbols: 0 and 1, the answer 
yes or no; there is no need for a third. But 
this is nothing but the well-known law of 
excluded middle of formal logic, according 
to which every proposition is either true or 
false. This is not an accidental coincidence. 

Information theory makes extensive use 
of formal logic, and this not in its usual 
extremely elementary school textbook form, 
but in a modern form called symbolic or 
mathematical logic. Modern formal logic 
uses the symbolic method, that is, the 
language of formulas which has been long 
used for expressing mathematical relations 
and which therefore has withstood a pretty 
good practical test. Formal logic is far re- 
moved from what some philosophers think, 
according to which the complex laws of 
thought can be falsely replaced by ele- 
mentary mathematical rules (cf. N. I. 


Kondakov, Logika, p. 481, 1954). How then 
are the rules of syllogism more complex 
than those of arithmetic? 

Certainly, formal logic is limited. It can- 
not deal with the dialectical contradiction; 
it leads to irremovable paradoxes. Neverthe- 
less, limited as it is, formal logic within its 
own framework is a powerful tool of cog. 
nition. The framework, moreover, can be 
enlarged. Contrary to Kant’s assertion to 
the effect that logic since Aristotle’s time 
“has not been forced to retreat a single step” 
but also “has not been able to advance a 
single step and hence has a closed and 
finished character,” formal logic has been 
constantly developing, remaining, as Engels 
points out, “from Aristotle’s day to our own 
an arena of violent debates’”—an arena of 
the struggle of materialism against idealism. 

To be sure, for a long time the logicians 
mainly concentrated on the epistemological 
problems of their science, while the theory 
of the technique of thinking developed very 
slowly. The mathematicians and the natural 
scientists, Descartes, Newton, Pascal, Her- 
schel, and others were forced to undertake by 
themselves the improvement of the methods 
of logical investigation. Only in the first half 
of the nineteenth century, when _ logic 
ceased to be a science of introspective think- 
ing, when it was tightly linked to the con- 
crete sciences, there began a rapid develop- 
ment of a new direction, characterized by 
the application of the symbolic method. 
This direction appeared as one phase of the 
period in which there was a critical re-exami- 
nation of the foundations of science. 

From Bolzano and Cauchy, who laid new 
foundations of the calculus, from Lobachev- 
sky and Bolyai, the creators of non-Euclidean 
geometry, the movement for the re-examina- 
tion of mathematics spread to mechanics 
and physics; for, in the last analysis, the 
movement was instigated by the on-going 
technical revolution, by the fact that electro- 
dynamics replaced mechanics as the leading 
branch of physics. It is just for the task of re- 
examining the cognitive methods of science 
that formal logic was transformed: it began 
to use the symbolic method. And this critical 
revision has led to brilliant results in mathe- 
matics and physics as well as in logic. 

It was only this new symbolic method 
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that made possible the investigation of the 
logical structure of science as a whole, in- 
cluding that of logic itself. Finally the value 
of the symbolic method in logic has been 
tested in practice. Not only have its con- 
structions been applied in the working out of 
mathematical theories, e.g. the theory of 
groups, the theory of sets, and the theory of 
probability, but they have been utilized also 
in electrotechnical calculations, in the in- 
vestigations of quantum mechanics, and, 
most important, they have achieved great 
significance in the theory of electronic com- 
puters, the theory of information. 

We have intentionally brought in symbolic 
logic in our discussion of information theory. 
We were obliged to do so because both of 
them suffered a similar fate. Both are used 
by bourgeois ideological reaction for making 
idealistic and metaphysical deductions cam- 
ouflaged by a scientific appearance to serve 
in the struggle against materialism and 
dialectics. Many of our philosophers, who 
took the logicians-idealists at their word, 
have developed a sharply negative attitude 
toward both symbolic logic and information 
theory.® 

Both are being successfully developed in 
our country, not by philosophers but by 
mathematicians who attain first class 
achievements. However epistemological 
problems remain out of focus. We were 
obliged to make this digression because in- 
formation theory itself cannot do without 
symbolic logic. 

Computers are built not only of vacuum 
tubes but also of electrical circuits with con- 
nections in series and in parallel, which are 
realized by the opening and closing of relays. 
The calculation of such relay-contact 
schemes is performed with the aid of symbolic 
logic, utilizing its simplest form, the so- 
called Boolean algebra created already in 
1848 and used in our country for the first 
time by V. I. Shestakov. 

For example, in order to build a complex 
system of relays required for the electrical 


6 A typical example of such a nihilistic attitude 
toward mathematical logic is an article by V. P. 
Tugarinov and L. E. Maistrov, ‘“‘Against Idealism 
in Mathematical Logic,’ (Voprosy Filosofii, 
1950, No. 3) in spite of the assertion that it is not 
& question of ‘liquidating’? mathematical logic. 


system of a modern ship, it used to be 
necessary to build first a small model and 
then by trial and error in artisan-like fashion 
to seek the best variation. 

The possibility of applying symbolic logic 
to such calculation is based on the following 
circumstance. In the net we abstract from 
the magnitudes of the currents and voltages; 
we are interested only in the number and in 
the arrangement of contacts and switches. If 
we examine any two end-points a and b of 
such a net, we will find that either a current 
passes from one to the other or it does not. 
In case it does we shall say that the ‘‘ob- 
stacle’’ X in our system equals 0; in case it 
does not, X = 1. Taking two other end- 
points c and d, we find that the obstacle 
between these, Y, will be equal to X if and 
only if X = 0 whenever Y = O and X = 1 
whenever Y = 1. Furthermore we find that 
when the two circuits are connected in series, 
i.e., when b and c coincide, the resulting 
“obstacle” will be X + Y; whereas if they 
are connected in parallel, the resulting 
obstacle will be X-Y. If we now introduce 
the symbol X, which replaces the value of X 
by its complement, we can easily see that 
the laws governing the “obstacle” will be 
fully identical to those of the calculus of 
propositions (or of logical classes) of formal 
logic, wherein 0 corresponds to the value 
“false,” 1 to “true,” addition to the logical 
“or,” multiplication to the logical ‘‘and.” 
Thus we obtain X = X¥; X + X = X; 
X-X = X¥; X(¥ + Z) = X-Y¥ + X-Z; 
X+ Y-Z = (X + Y)-(X¥ + Z), ete. - 

Thus cybernetics, alias the theory of in- 
formation and of regulation of mechanisms, 
is an involved theory, embracing a large 
complex of questions related to various 
fields: to the theory of probability, thermo- 
dynamics, mathematical logic. It is a scien- 
tific theory to the extent that it unites 
logically and systematically a multitude of 
processes taken from different regions of the 
real world, processes which have different 
content but the same quantitative form. 

Cybernetics is tested in practice and has 
for it an exceptional significance, and there- 
fore it is a huge self-deception to consider it 
a “huge mystification.”” The purposes to 
which it is put is, of course, quite another 
matter. There is, for example, in England 
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(sic) a Berkeley Company which makes 
computing machines. They have built, 
among others, an interesting toy—a portable 
electronic machine called ‘mouse in a maze.”’ 
Imagine an open square aluminum box which 
can be divided by aluminum partitions so as 
to make a labyrinth with 25 cells. An iron 
mouse equipped with a tail and whiskers is 
placed into one of these cells and a piece of 
iron ‘‘bacon” is placed in the most distant 
cell. The box is placed before the spectators, 
and the machine is placed somewhat behind 
it. When the machine is started, the ‘‘mouse’”’ 
begins to move, poking around in all di- 
rections, passes through all the cells zig-zag 
fashion until it finally reaches the “bacon”’ 
and stops there. This takes 120 seconds. 
Then the machine is stopped, the ‘“‘mouse”’ is 
removed and placed once more into the first 
cell and the machine is started again. The 
‘“‘mouse”’ again runs to the “bacon,”’ but this 
time along the shortest route without zig- 
zagging and reaches the “bacon” in 15 
seconds. 

The company rents this apparatus to 
English schools for demonstrating, as it says 
in the advertisement, “‘the development of 
the conditioned reflexes.” It seems that if it 
wasn’t the ‘“‘mouse,”’ at any rate the machine 
has acquired a conditioned reflex and has a 
memory! 

It isa simple matter to expose the nonsense 
in this trick, but one must admit that there 
are simpletons who seeing this experiment 
will believe that conditioned reflexes and 
thinking in general are a mechanical process. 

However, let us try to get to the heart of 
the matter. It is ridiculous to think that the 
‘‘mouse”’ or the machine behind the box has 
acquired a conditioned reflex, has memory, 
or has memorized the path. But it is not 
ridiculous to assert that stable electromag- 
netic connections have been established in 
the machine which enable the apparatus and 
hence the “mouse” to avoid unnecessary 
motions. 

Thus we have not an identity of processes 
which take place in machines and in con- 
ditioned reflexes, but certainly there is a sort 
of analogy between them. But is it justifiable 
to speak of an analogy? Is it a scientific 
category? Recently it has had some tough 
luck. If you take, for example, the Great 
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Soviet Encyclopedia, you will read under the 
entry “Analogy” (Vol. 2) that ‘Conclusion 
by analogy, i.e., from a verified particular 
similarity among objects to a deeper multi- 
aspect similarity among them cannot confer 
validity to the deduction, but often sug. 
gests conjectures, whose correctness or jn- 
correctness must be determined by further 
investigations and tests.” 

The article contains examples only of false 
analogies and their utilization by reaction- 
aries. Not a word is said of the existence of 
scientific analogy and of its great positive 
creative significance as a method of dis- 
covery. 

Yet conclusions by analogy are often en- 
countered in the writings of the founders of 
our world outlook. Recall the famous pas- 
sage in Stalin’s “Foundations of Leninism,” 
where an analogy is drawn between the dis- 
placement of the center of revolutionary 
movement to Germany in the 1840’s and the 
displacement of the center of revolutionary 
movement to Russia at the beginning of the 
twentieth century. Actually analogy has a 
great significance both for the natural and 
for the social sciences. 

The history of natural science and of 
technology shows that many remarkable 
discoveries were made with the aid of 
analogical conclusions and many hypotheses 
were formulated which later became theories. 
Thus, for example, the eminent English 
physicist Clerk Maxwell, one of the founders 
of electrodynamics, made extensive use of 
the analogy between the electromagnetic 
field and an incompressible fluid. In doing 
this he emphasized that he was not reducing 
electricity to a fluid. However the analogy 
was based on the fact that many electro- 
magnetic phenomena coincide completely in 
their quantitative expressions with phe- 
nomena related to an incompressible fluid. 
What is mechanistic or idealistic about that? 
Absolutely nothing. In nature, which al- 
though infinitely diverse is nevertheless of 
one matter, there is a multitude of qualita- 
tively different material processes, which in 
all their qualitative diversity nevertheless 
are governed by similar quantitative laws. 

As long as we remember that in spite of 
their revealed quantitative similarity, 
analogous phenomena, for example electro- 
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dynamic and hydrodynamic ones, are quali- 
tatively distinct and hence cannot be reduced 
to one another, we are insured against slip- 
ping into an anti-scientific, metaphysical 
point of view. It is clear to us that no 
analogy is ever complete but only approxi- 
mate and limited. However within its limits 
(if it is not a false analogy) it has a cog- 
nitive value. If it is not to be a false analogy, 
the similar traits which are established must 
not be accidental but essential; they must be 
consequences of internal connections be- 
tween phenomena. Under these conditions 
the use of analogy is not only permissible 
but indispensable in science. This is why 
modern technology makes extensive use of 
the analogical method, the method of 
models, applying it to hydrodynamics, aero- 
dynamics, to geological survey, everywhere 
where qualitatively different phenomena are 
governed by similar quantitative regulari- 
ties. Incidentally, this is shown quite con- 
vincingly in Vol. 28 of that same Great Soviet 
Encyclopedia [specific reference not given— 
Translator]. 

And so we have the opportunity to ex- 
amine the question of the analogy between a 
machine possessing an electrical memory 
component and certain. processes of our 
nervous system. But are we in general 
justified in comparing the behavior of a 
machine, however complex, with the be- 
havior of a living organism, especially with 
the action of the brain and the nervous 
system? Is this legitimate; does it not mean 
that we are slipping into the position of 
mechanism? It seems to us that it is quite 
legitimate. The living organism is also a 
physical body and although its regularities 
are not reducible to those of physics, still 
there are physical regularities in all bio- 
logical phenomena, and they are legitimately 
studied by a special science, namely, bio- 
physics. The psychophysical events are no 
exception. Continuing the work of Helm- 
holtz, Weber, Fechner, Sechenov, Timiry- 
azev, Chagovtsev, and Danilevsky, the bio- 
physicist Lazarev already in 1916 created 
the ion theory of excitation which was later 
worked out by the school of Soviet bio- 
physicists created by him. 

On the basis of numerous experimental 
data, it has been shown that the excitation 
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of living tissue occurs with a certain change 
in the concentration of free ions and that all 
tissue including the sensory organs are 
governed by a general excitation law which 
asserts “all or nothing.” The nerve either 
responds to excitation with maximal in- 
tensity or does not respond at all. In this 
very circumstance is the basis for the analogy 
between nervous processes and the working 
of electronic machines. In both we are 
dealing with electromagnetic processes trans- 
mitted in a net which admits only one of two 
alternatives—open or closed. 

This property of our nervous system is the 
result of natural evolution during which the 
nervous system has become adapted specifi- 
cally to the task of reflecting most accurately 
the processes of the real world. In this way 
the possibility of drawing on analogy be- 
tween nervous processes and those of elec- 
tronic machines rests in the last analysis on 
the material unity of their existence. For, as 
Lenin pointed out, sensation is bound only 
to living matter, ‘“‘and ‘in the foundation of 
the edifice of matter itself’ we can suppose 
only the existence of a potentiality similar 
to sensation” (Works, Vol. 14, p. 34). 

It must be kept in mind that the denial of 
the possibility of any analogy between 
certain organic and inorganic processes may 
serve as a camouflage for neo-vitalism, a 
denial of a materialistic explanation of life 
phenomena. At the same time it must be ad- 
mitted that some psychological processes 
yield to mathematical investigation by the 
same methods which are applied to non- 
living nature. As an example, take the im- 
portant process of remembering and for- 
getting. To study it, an individual is asked 
to memorize, for example, 50 nonsense syl- 
lables. The individual memorizes them and 
the number is recorded. In a few days the 
number still remembered is again recorded; 
in another few days again, etc. This experi- 
ment is performed not with one but with 
hundreds of individuals, and the averages 
are computed. As a result one obtains a 
functional relation between the number of 
syllables remembered and time, which rela- 
tion can be plotted as a curve. Deviations are 
due to the fact that individual memories 
differ, but the general form of the curve is 
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the same for all, although not absolutely the 
same. 

The most remarkable thing is that we can 
obtain the same curve, the same picture of 
remembering and forgetting, the dependence 
of the number of traces retained on time not 
only empirically but also from theoretical 
considerations. The laws obtained theo- 
retically show good agreement with the 
empirical law. 

From this it becomes understandable that 
a certain analogy between the work of a 
human brain and the electronic computer or, 
say, a self-regulating remote control device 
is quite founded. It was not arbitrarily that 
components of such machines were called 
‘memory components.”’ You cannot find a 
more suitable term. It goes without saying 
that while using this analogy we protest 
vigorously against the assertion that the 
processes within the human brain are en- 
tirely identical to those in machines. But 
studying the machine process can help us 
understand at least the simplest quantitative 
aspects of nervous function, say that which 
governs remembering and forgetting. 

In this connection, we must remember 
that our analogy, as, to be sure, every 
analogy, is not complete, that it is valid only 
within certain limits. The memory compo- 
nent, as all the components of a machine, 
must have constant characteristics inde- 
pendent of time. On the other hand in actual 
memorization, even the memorization of 
nonsense syllables, consciousness is involved, 
which constructs meaningful connections 
among the syllables, because of which the 
characteristics of memory and forgetting 
change with time. Hence information theory 
can be applied to the quantitative investi- 
gation of psychophysical processes only as a 
first rough approximation. But it is neces- 
sary to point out with all clarity that even 
such an approximation is valuable, that it 
may give, among other things, some ob- 
jective indices of normal or pathological 
action of the nervous system, which is im- 
portant in diagnosis. 

Yet if we take any of our text books of 
psychology, we find only very vague discus- 
sions about the physiological basis of 
memory. The authors will not even hear of 
applying physico-mathematical investiga- 


tions to psychological problems. But why? | 


Why can quantitative methods give positive 
results in every other science but not jn 
psychology? Of course the application of 
such methods becomes the more difficult the 
more complex is the field of investigation, 
the higher is the investigated form of 
motion. Until the advent of mathematical 
machinery, we could not hope for success, 
But why can we not approach this problem 
now? Did not Marx himself put the question 
of a mathematical investigation of the most 
complex regularities, the regularities of 
economic and social phenomena? 

Of course the decisive factor in whether 
the application of mathematical method to 
psychology will be scientific or not will be 
the methodology which will underlie the 
application. We have the sad memory of the 
use of anti-social tests in our psycho-tech- 
nology and pedagogy, which cluttered up 
psychology in the 1930’s as an example of 
pseudo-scientific application of quantitative 
methods in psychology. Another example is 
the American school headed by N. Rashey- 
sky (cf. N. Rashevsky, Mathematical Bio- 
physics, Physico-mathematical Foundations of 
Biology, Chicago, 1938) attempting to 
falsely replace biology, psychology, and 
sociology by introspectively invented differ- 
ential and integral equations.’ 

The same path is followed by American 
and Western European cyberneticians who 
not only talk about an “electronic brain” 
(such expressions may be simply symptoms 
of thoughtlessness with regard to methodo- 
logical questions, characteristic of many 
Western natural scientists and engineers) but 
also seriously promise to build a machine 
which will completely replace the human 


7 The Russian verb podmienit’, which I trans- 
late ‘falsely replace’ has a more sinister con- 
notation of intentional deceit, as, for example 
“to counterfeit.’’ In view of the author’s ap- 
parently complete understanding of the role of 
mathematical models in science, it is difficult to 
understand why Rashevsky and the Chicago 
School should be singled out for blame. One 
suspects that the author may not ha’e a first 
hand knowledge of this work and may be simply 
repeating the judgement expressed by B. Bykhov- 
ski in his angry paper, “Mechanists, the Servant of 
Imperialism,” (Nauka i Zhizn’, Vol. 20, No. 2, 
February, 1953; see my translation in ETC, 
1954, 9, 186-192. 
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prain. Of course the main fault is in the 
spirit of business which subordinates the 
interests of science. 

All kinds of automata are built for pub- 
licity purposes. Such automata which simu- 
late the motions of animals and men were 
known already in antiquity, and later as far 
as our time they served at first to amuse the 
nobility and secondly as attractions in 
wandering circuses and panoptica. These 
ingenious gadgets, in whose construction 
famous scientists and inventors also often 
took part, anticipated the modern “‘living 
automata.’”’ Thus, a “chess player’ was 
built which can win a simple game and 
protests violation of rules by the sound of a 
bell. 

However, automata built on the basis of 
information theory are good not only for 
games and amusement. There exists, for 
example, a machine which makes possible 
the reading aloud of any text. It is a machine 
for the blind. It is remarkable for being able 
to read independently of the size and style of 
print; it adjusts itself accordingly. 

There is also a model of a mechanical 
translation machine. Of course the transla- 
tion is not distinguished by its elegance, but 
it is quite understandable. This machine is 
equipped with a dictionary and with the 
most important grammatical rules, mainly 
syntactical ones. 

In this way, trifles grow into entire 
branches of science and technology; toy 


/ automata are prototypes of mechanisms 


which facilitate and simplify the mental 
labor of man. In particular, the ‘‘mouse in a 
maze” can be seen as a prototype of an 
automatic telephone exchange, which in 
distinction from the existing ones will take 
into consideration that a subscriber, as a 
rule, does not call up every number in the 
book, but only a small portion of these. An 
automatic exchange working on the principle 
of selection will work more rapidly. 

In summarizing, we would like to empha- 
size that in the machines based on informa- 
tion theory we have a remarkable progress 
of human thought. It would be ridiculous 
and harmful to deny this. 

We must note that a computing machine 
may itself take over a portion of program- 
ming and coding and that it is possible to 
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create machines which could project more 
perfect computing machines and _ other 
similar ones. 

In our country we do not have a situation 
like that in the capitalist world, where the 
appearance of electronic automatic machines 
evokes a feeling of fear, of insecurity about 
the future in certain layers of middle class 
intelligentsia [white collar workers—Trans- 
lator]. Incidentally cybernetics is used in 
those countries for the purpose of frightening 
people of this class with the threat of un- 
employment in order to force them to work 
submissively for low pay, in order to prevent 
them from being organized, etc. ‘(Hold on to 
your jobs; soon the machines will replace 
people like you, and we will keep only highly 
qualified scientists,” they are warned. But 
we have the opposite condition. We must 
train cadres in this new specialty, and the 
articles mentioned above (i.e., the articles 
where cybernetics is ridiculed—Translator) 
can only repel people from this profession. 

But this is the harm that a nihilistic 
attitude does to any scientific event. Is it not 
true that the nihilistic attitude of some of our 
philosophers toward relativity theory and 
quantum physics has been harmful, when 
along with a justifiable criticism of idealistic 
“deductions” which some bourgeois physi- 
cist-philosophers had made, the theories 
themselves were branded as pseudo-scien- 
tific and reactionary? Is it not true that such 
an attitude toward modern formal logic is 
harmful? We see how the great contribution 
of the modern logic of relations and of 
symbolic logic to the theory of thought has 
been ignored and how some confine them- 
selves to criticizing the idealistic ‘“deduc- 
tions,” made by bourgeois logicians. Such a 
one-sided approach is as erroneous as the 
opposite one which represents logic as a 
discipline independent of epistemology. No, 
logic and the theory of cognition are in- 
separably bound together, but this does not 
mean that logic as a technique of thinking is 
identical with the theory of cognition. The 
task of the Marxist is not confined to the 
criticism of the “deductions”; it includes 
also the materialistic interpretation of the 
positive results obtained in modern logic and 
the further working out of these results. The 
same applies to cybernetics. 





146 


The examination of cybernetics and of the 
technology created by it from a more general 
point of view leads to the following con- 
clusion. Until now technology was the ex- 
tension of our hands. The crudest ax of the 
stone age was such an extension as is the 
combine which replaces our muscles by its 
motor and our fingers by its attachments. 
But now technology has entered another 
area as it begins to replace on a large scale 
some of our psychological functions and be- 
comes an extension of our brain. There is 
nothing idealistic in this assertion. After all 
our brain and our whole nervous system are 
just as material as our hands and the ma- 
chines created by our hands; and our very 
thoughts and abstract ideas are also off- 
springs of matter. The juxtaposition of 
thought to matter has only a relative, 
epistemological, not an ontological meaning, 
as Lenin pointed out. 

In this evaluation we can refer to the 
authority of Marx. In his Critique of Political 
Economy he wrote, ‘Nature builds no ma- 
chines, no locomotives, no railways, no 
telegraphs, etc. They are products of human 
industry; they are raw materials transformed 
into organs of human will over nature or of 
man’s activity in nature. They are organs of 
the human brain created by human hands.” 
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Here Marx, when he speaks of devices such 
as the telegraph, emphasizes that they are 
not simply an extension of our hands, but 
organs of the human brain. Evidently Mary 
wishes to say that within certain limits the 
human brain can be extended just as ou 


hands can be. We can conquer nature not | 


only in the sense that we can make the forces 
of nature work for us, thus saving muscular 
energy, but also in the sense that in ever 
greater degree humanity can make nature 
work for us so as to save attention, memory, 
and mental effort. 

With the harnessing of nuclear energy, 
humanity has entered an age of new tech- 
nology, incomparably more powerful than 
that of steam and electricity, and it will 
succeed in having this technology serve ex- 
clusively peaceful creative goals, as it does 
with us in the U.S. 8. R. At the same time 
an age of tremendous cultural-technical 
revolution is dawning, the age of self-regu- 
lating machines called upon to take over a 
part of our mental labor. As in the field of 
energetics we are still on the threshold, but 
its perspectives will leave all previous de- 
velopment far behind. These perspectives 
cannot be overvalued. 

[Translated by Anatol Rapoport] 


He ate and drank the precious words, 
His spirit grew robust; 
He knew no more that he was poor, 
Nor that his frame was dust. 
He danced along the dingy days, 
And this bequest of wings 
Was but a book. What liberty 
A loosened spirit brings! 
—Emiy Dickinson, Collected Poems 











FEI 


by « 


Swa 


and 
frat 
whi 
neit 
stuc 
mes 
tior 
Wil 
hav 
fast 
con 
the 
and 
of t 
of d 
in t 
the 
whe 
nec 
the 


tan 
by 

mea 
frus 
fede 


(the 


uch | 


but 
[arx 
the 
our 
not 
rces 
ular 
ver 
ture 


ory, | 


Tgy, 
ech- 
han 
will 
. eX- 
does 
time 
nical 
egu- 
er a 
id of 
but 
- de- 
tives 


port| 





The notion of disharmony or “divisive bickering” as a universal feature 
of federal governments was discussed in an earlier article in this journal 
by William Riker and Ronald Schaps. Here an attempt is made to analyze 
this notion of disharmony, to question whether disharmony results from 
the kind of opposition they seek to measure, and to supplement their analy- 
sis by identifying, and developing a crude measure for a kind of harmony 
(or lessened frustration) which it is the peculiar genius of federalism to 


achieve. 


FEDERAL AND UNITARY GOVERNMENT—DISHARMONY AND 


FRUSTRATION 


by J. Roland Pennock 


Swarthmore College 


plete with discussions of the advantages 
and disadvantages of federalism. Some are 
frankly arguments for or against federalism, 
while others are balanced appraisals; but in 
neither case do they commonly supply the 
student of the subject with any means of 
measuring or weighing the various considera- 
tions urged. In a recent issue of this journal, 
William N. Riker and Ronald Schaps (1957) 
have attacked this problem in scientific 
fashion. Their work, to say the least, is a 
constructive and worthwhile move toward 
the development of relevant measuring rods 
and actual measurements. It is the purpose 
of the present article to pursue the subject 
of disharmony in federal government further 
in two respects. First, it attempts to analyze 
the notion of “‘disharmony”’ and to question 
whether disharmony, in the sense implied, 
necessarily or even typically results from 
the kind of opposition Riker and Schaps 
seek to measure. Second, and more impor- 
tantly, it aims to supplement their analysis 
by identifying, and developing a crude 
measure for a kind of harmony (or lessened 
frustration) which it is the peculiar genius of 
federalism to achieve.! 


= literature of political science is re- 


1For assistance with mathematical proofs 
(the most complicated of which it fortunately 
proved unnecessary to use!), the writer is in- 
debted to Professor David Rosen of the Mathe- 
matics Department of Swarthmore College. My 
departmental colleague, Professor Charles E. 
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The argument of ‘“‘Disharmony in Federal 
Government” is that disharmony, in the 
form of “divisive bickering” and lack of 
integration of policies between the center and 
the periphery, is an almost universal feature 
of federal governments, and that political 
parties magnify rather than minimize this 
problem. The authors then develop an 
ingenious method of measuring this dis- 
harmony, apply it to the United States for 
the period 1937-1956, and after discussing 
certain weaknesses of the argument, seek 
to provide empirical evidence that these 
weaknesses do not invalidate its main tenor. 
More specifically, the “index of disharmony” 
developed in the second part of the article, 
is substantiated by the finding that more 
lawsuits between federal government and 
states are pressed beyond the trial court level 
when the index of disharmony is high than 
when it is low. (A high index of disharmony 
means that there is a wide divergence be- 
tween the relative power positions of the 
major parties at the federal level from the 
same positions at the state level. Thus, if 
the Democrats controlled the federal govern- 
ment and the Republicans controlled most of 
the state governments, the index would be 
very high.) 

First, let us examine a little more closely 
what is the nature of the “disharmony” 





Gilbert, also read the manuscript and made 
valuable suggestions. 
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being investigated and measured. It is not, 
of course, a matter of lawsuits between 
the federal and state governments. At least, 
these can hardly be the main examples. The 
use of lawsuits as a test of disharmony 
appears to have been based upon the as- 
sumption that they may be taken as an 
indication and a measure of a disposition to 
disagree—a disposition that it may be 
assumed will manifest itself in many other 
ways. For present purposes, we shall accept 
these assumptions and the further finding 
that the disposition to disagree will be 
greater where the governments in question 
are not controlled by the same _ political 
party. These propositions seem reasonable 
enough, on the average. What are the con- 
sequences? 

In the first place, Riker and Schaps argue 
that “divisive bickering” will result. There 
can be no doubt that it does. All the devices 
of constitutionalism are likely to lead to 
bickering. Their very effectiveness is de- 
pendent upon the opportunities they give 
for checking power by power. In some cases 
of course it may be judged that the price 
paid for a particular constitutional device 
may be too high. It is not part of the purpose 
of this article to argue that point one way 
or the other. 

Second, disharmony refers to a “lack of 
integration between the policies of the 
states and the nation.” What does this 
mean? Does it mean that if the penalty for 
killing a man in the course of robbing a 
national bank is death while that for the 
same offense in the case of a state bank is 
life imprisonment, there is disharmony? 
Does it mean that, if Colorado chooses to 
pay high (or low) old age pensions as meas- 
ured by federal standards, this is an example 
of disharmony? Surely, such matters might 
well be considered to be within the realm of 
legitimate state experimentation. Moreover, 
apart from this argument, to permit each 
state to fix its own policies in such matters 
makes for a closer “fit”? between popular 
will and public policy than can be achieved 
by national uniformity—of which more 
anon. Presumably what Riker and Schaps 
have in mind is rather the situation where 
state policies impede those of the national 
government. But certainly in most such 
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situations today it is within the power of the 
national government to remove the impedi- 
ment. Before the federal government had 
exercised its power (or the Supreme Court 
had admitted the power) to regulate inter- 
state business, state regulation or lack of 
regulation frequently did not harmonize 
with what many considered the public wel- 
fare. It could hardly be said to produce dis- 
harmony of the kind here under discussion, 
however, because federal policy on the 
matter in question was nonexistent. Today, 
on the other hand, the federal government 
has so well occupied this field that there is 
little opportunity for the states to take con- 
flicting action. Moreover, in certain in- 
stances, Congress has permitted and deliber- 
ately invited the states to regulate matters 
within their boundaries that might other- 
wise come under federal jurisdiction. The 
example of “right-to-work” laws readily 
comes to mind. Whatever one’s views may 
be about the merits of this legislation, it 
can hardly be cited as an example of dis- 
harmony. 

The only example given by Riker and 
Schaps themselves dates back to 1934 when 
the states decreased their expenditures 
while Congress was trying to combat the 
depression by following the opposite course. 
This example calls for further analysis. 
Such discrepant policies mi .t reflect the 
differing voting bases of the two areas of 
jurisdiction—the greater rural bias in the 
states. If so, it is not inherent in federalism. 
Also, it might be a consequence of differing 
tax structures or the greater difficulty, in 
time of depression, of state borrowing. But 
whatever the cause, the remedy is simple. 
For every dollar of decrease in state budgets 
the federal government can spend one, two, 
or more additional dollars. If it seems 
desirable it can accomplish this purpose by 
giving the money directly to the states. 
Alternatively, it might pursue the same 
policy (deficit financing) by drastic tax 
reduction. 

Thus far our argument has been to the 
effect that the extent of “disharmony” in 
the sense of mutual frustration of purposes 
has not been shown to be large and that 
“bickering” may be a fairly harmless matter 
and at least not an inordinate price to pay 
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jor the advantages of federalism. We shall 
not here discourse on the advantages of 
federalism as they are usually listed, or 
weigh these advantages against the un- 
doubted disadvantages (Benson, 1941, Ch. 
2 & 3; Riker, 1953, Ch. 8). We shall, how- 
ever, discuss an advantage that is frequently 
overlooked and one that grows out of the 
very set of facts relied on by Riker and 
Schaps as evidence of disharmony. Federal- 
ism not only divides powers, it divides 
functions. In this division of functions lies 
the possibility of maximizing satisfaction in 
a way that uniform national treatment 
could not accomplish. Federalism permits 
one state to spend its money on more police 
and another on better housing. It also 
makes it possible for Democrats in_pre- 
dominantly Democratic states to have their 
way at least in certain matters under a 
Republican national administration, and 
vice-versa.” In other words, from the point 
of view of maximizing voter satisfaction 
with government, indeed of achieving a 
greater harmonization of conflicting de- 
mands, it isa major advantage of federalism 
that the decentralization of voter decisions 
makes for the satisfacton of more of the 
voters more of the time than if they acted 
as a single unit. 

The argument can be presented more 


? Riker and Schaps make no reference to this 
advantage. Whether or not they recognize it and 
take it for granted is not our concern. Certain 
passages in their article, however, come close to 
implying that they overlook it. When they state 
that the ‘‘net effect’’ of the guarantees of federal- 
ism is “the existence of two sets of governments 
in the same place directing the same people”’ 
(1957, p. 276), they neglect to remark the im- 
portant fact that there is a division of labor here 
according to which the two sets of directions 
apply to different matters. The borderline may 
produce confusion and even conflict, but it re- 
mains a line between separate spheres. 

It should be remembered that we are discuss- 
ing federalism per se. It is possible that the grant- 
in-aid system as practiced in the United States 
minimizes the advantage under discussion. It 
and other devices create a blurred band rather 
than a line between the spheres. The same is true 
of other peculiarities of our system, none of 
which bear on the present argument. Anything 
that minimizes the extent to which we behave 
like a truly federal government also minimizes 
the disadvantages with which Riker and Schaps 
are dealing. 


concretely and yet schematically by using a 
few highly simplified hypothetical cases. 
Let us suppose we have five federal unions 
each comprising two “states’’ with 100 
voters in each. We shall further suppose, for 
simplicity’s sake, that during a given period 
the matters decided by the federal govern- 
ment and those by the state governments 
are of equal importance to the voters. And 
we shall assume that a given government is 
completely controlled by a given political 
party. Our five federal unions are composed 
of various combinations of the following 
states: 

State A—predominantly Democratic 

State B—moderately Democratic 

State C—predominantly Republican 

State D—moderately Republican 

Let us now suppose federal unions com- 


"posed, respectively, of States A and C, A 


and D, B and D, A and B, and A, B, C, 
and D, and engage the voters in them in a 
series of elections at both federal and state 
levels. First, however, a few words of 
explanation are required. In a federal system 
the voter must cast two ballots (one at each 
level) to accomplish what he does with a 
single vote in a unitary state. Accordingly, 
in measuring dissatisfaction, or frustration, 
we must count votes rather than voters, and 
in comparing the results in the federal state 
with what they presumably would have 
been if the state had been unitary, we must 
make an assumption as to how a vote actu- 
ally cast at the state level in the federal 
state would have been cast in a unitary 
state. Assuming, as do Riker and Schaps 
(1957, p. 277), that there is at least some 
measure of unity of policy or ideological 
orientation or commitment to a_ single 
leader or set of leaders as between state and 
federal levels of parties bearing the same 
name, we may count a vote cast for the 
Republican party at the state level as 
potentially a frustrated vote in a unitary 
state if the Democrats win at the federal 
level. In other words, to take the simplest 
possible case, if in a given election 40 votes 

3 If he likes, the reader may amuse himself by 
working out further combinations of these states 
and also by adding other states, e.g., a state that 


casts a large part of its normally Democratic 
vote for a third party candidate for President. 
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were cast for the losing party at both the 
federal and state levels, 80 votes were frus- 
trated. In that situation, had the state been 
unitary, we assume also 80 frustrated votes, 
since now each voter must be considered as 
having the equivalent of two votes, one 
governing national questions and the other 
controlling local matters, (although he must 
cast them together, as a unit). It is now 
possible to calculate for each electoral situ- 
ation what might be called an “index of 


J. ROLAND PENNOCK 


frustration”. Comparing these indexes for 
unitary and federal states, we get a measure 
of “profit” or “loss” from federalism, in 
terms of frustrated votes. Of course it must 
be recognized that the use of numbers in 
this way assumes, among other things, that 
the matters controlled by the two levels of 
government are of equal importance to the 
voters. 

Hypothetical results for the five cases 
suggested are presented in Table 1. It is 


TABLE 1 
ProFiT FROM FEDERALISM ILLUSTRATED BY MopDEL FEDERAL UNIONS 
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————— 





Federal State 


| Unitary State 













































































ooo _ —o - cdiincisinataliabienisi “Profit” 
Federal Level | paar Bag ee om by | | Presumed Frustrated Votes ra 
| P | Total frus- | (Total Col. 
ae Sees a asa Vaeeaees tGckc ee Fed. | State Tees 
| Frus- | | Frus- ol. s Re | Total Col. 
| Dem. Rep. iat Dem. | Rep. | hot Col. f) — sen | Total g) 
Col. a Col. b votes | Col. d | Col. e votes Col. g orb) | Col. e) | Col. j | Col. k 
Hacer | Boe, Col.h | Coi. i | | 
Ist union | | | | | | 
State A so | 20| 2 | 80] 2 | 2 40 2 | 2 | 40 
State C 25 7% | 7% 2 | % 25 100 75 | 75 | 150 | 
Totals......| 105 | 95 | 95 | 105 | 95 | 45 | 140 | 95 | 95 | 190 | 50 
| | | | 
2nd union | | 
State A 80 20 80 20 20 | | | 
State D 42 58 42 | 58 42 | | | 
Totals... 12 | 7 | 7 | 62 | 140 | 78 | 78 | 186 | 16 
ae ieee | 
3rd union | | | 
State B 56 44 56 | 44 44 
State D 42 58 42 | 58 42 
Totals....... 98 | 102 | 98 86 | 184 98 | 98 | 196 | 12 
, | | 
4th union | | 
State A 80 20 80 20 20 | | 
State B 56 44 56 44 44 | | 
Totals......| 136 | 64 | 64 64 | 128 64 | 64 | 12 | 0 
| | oy | | 
| | 
5th union | | | | | 
State A 80 20 80 | 20 20 | | | 
State B 56 44 56 | 44 44 | | | 
State C 25 75 | 3 | % 25 | | 
State D 42 | 58 | 42 | 58 | 42 | | | 
Totals......| 203 | 197 | 197 | | 131 | 328 | 197 | 197 | 304 | 66 











Note: Except for the first union, certain spaces for which the figures are not essential are left blank. 
The figures in Col. k are actually “remainders”, not “totals”. 
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TABLE 2 
Proor THaT LossEs ARE IMpPossIBLE; ProriT FoRMULAS (MONOLITHIC PARTIES) 








Federal level 


State level 








Dem. Rep. Dem. Rep. 
State A a b a b 
State B c d c d 
State C e t e f 
Totals g h g h 
Possible voting variations Frustration Index Profit 
(assuming g > h) Unitary state Federal state (Col. b minus Col. ce) 
Col. a Col. b Col. ¢ Col. d 
Ifa <b,c <d,ande < f—impossible 
a<b,c <d,andf<e h+th=h+b+d+f hta+ce+f b+d-—-(a+c)>0 
a<b,d<c,ande<f h+h=h+b+d+f htat+dt+e b+f—(at+e>d0 
a<bd<c,andf<e h+h=h+b+d+f ht+a+d+f b-—a> 
b<a,c<d,ande<f h+th=h+b4+d+f ht+b+ect+e d+f-—(c+e)> 
b<a,ce <d,andf <e h+h=h+b+dt+f ht+b+e+f d—c>0O 
b<a,d<c,ande<f h+t+h=h+b+d+f ht+b+d+e f—e>0d0 
b<a,d<c,andf<e h+th=h+b+d+f ht+b+d+f 0 
if h > g. 


Likewise, by symmetry, i 





assumed, for the present, that all voters 
vote all the time. It will be observed that in 
the fourth union, where the same party wins 
in both states, there is no profit. Under 
these circumstances the federal union be- 
haves just like the unitary state and there 
can be neither profit nor loss. In the other 
cases the “frustration index” (the number of 
frustrated votes) in the unitary state is 
higher than that in the federal state, leaving 
a net “profit” for federalism. This is because 
the only votes that are frustrated at the 
state level are those of the losers in each 
state; in other words, in either of the state 
party columns. It is impossible for this 
figure to exceed the number of frustrated 
votes at the federal level and it can equal 
them only in the case where the same party 
wins in all the states. It will be observed 
that the profit from federalism may always 
be derived by deducting the total votes cast 
for the losing party in each state from the 
total votes cast for the losing party at the 
federal level. 

The figures in the “unitary state’ col- 
umns, set down to clarify the analysis, are 
actually not necessary to the final calcula- 
tion. The same indeed is true of the figures 
in columns d and e, since they are identical 
with those in columns a and b. These prop- 
ositions will be true as long as we hold to 





our assumptions of no nonvoting and of 
monolithic parties. The situation can be 
further clarified and simplified by using 
symbols instead of numbers and by eliminat- 
ing some of the unnecessary columns. The 
results in a three-state system appear in 
Table 2, the small table at the top providing 
the key to the use of symbols. It will be 
observed that there can never be a loss and 
that there will always be a profit except for 
the case where the same party wins in all the 
states. Moreover, the algebraic formulation 
reveals a somewhat simplified method of cal- 
culating the profit under the conditions that 
have been specified: the profit equals the 
sum of the winning pluralities in the states 
where the electoral outcome is contrary to 
the result at the federal level. In brief, it is 
disparity among the results in different 
states that produces profit for federalism. 
Now let us eliminate the assumption that 
all voters vote at all elections and admit the 
possibility of greater voter participation at 
one level than at the other. This alteration 
in our assumptions involves also a departure 
from the assumption of monolithic parties. 
We no longer assume that a vote for the 
Republican candidate for President is a 
sufficient indication of the voter’s attitude 
on state matters, since we admit the possibil- 
ity that he may not vote in the state election. 
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TABLE 3 
ProriT FORMULAS FOR SYSTEM LACKING MONOLITHIC PARTIES 
Federal level State level 
Dem. Rep. Dem. Rep. 
State A a b c d 
State B e€ f g h 
State C i J k l 
Totals m n 0 p 
Frustration Inde: 
Possible Voting Variations aaa aed Profit or 1 
ifm >n Unitary si anita 
state Federal state 
ic. < 6,9 <‘h,end tl < k 2n n+c+gtl n-(c+tgt+l) 
ife<d,g <h, andk <I! 2n nt+eo+gt+k n—-(c+tgthk) 
ifec <d,h <g, andl <k 2n n+et+h+l n-(cth+l) 
ife <d,h <g,andk <1 2n n+c+h+k n— (c+h+hk) 
And so on, if d < ¢, ete. 





The full significance of this admission will 
not be treated at this point, however. That 
is to say, we shall use the same assumption 
as to presumed voter frustration that has 
been employed up to this point (that a voter 
for a Republican presidential candidate 
would be frustrated with respect to state 
level decisions as well as federal level deci- 
sions in a unitary state, if the Democratic 
candidate won). The revised situation would 
then appear as is shown in Table 3. The 
profit or loss is the difference between the 
sum of the votes of the losing party at the 
federal level and the sum of the losers at the 
state level. (Note the variance from the 
formula for the simpler case of identical 
voting patterns at both levels.) It will be 
noticed that we speak of profit or loss. It is 
theoretically possible in the situation now 
under discussion that there might be an 
indicated loss from federalism. As_ will 
appear from Table 3, however, this could 
occur only when the state voter turnout 
exceeded the federal turnout and when, 
moreover, the total of state losers exceeded 
the total of federal losers.‘ The first condi- 
tion never prevails in the United States but 
one can imagine a federal system in which 
it did. The second condition—that there 
should be a greater average disparity of 
party strengths at the federal level than at 


4 The second condition could not obtain with- 
out the first. 


the state level—seems most unlikely in any 
federal union, but it is not impossible. 

Until now we have been assuming mono- 
lithic parties (i.e., parties unified either by 
policy or by commitment to common leader- 
ship), so that voters who vote Democratic 
(for instance) at the federal level would be 
frustrated with respect to local matters in a 
unitary state if the Republicans won. What 
can be said about the situation where this 
assumption does not prevail? It can be said 
that as long as there is a tendency for it to 
prevail there is a tendency for the conclu- 
sions we have already reached to be sound. 
In so far as the assumption is false, to that 
extent the conclusions are subject to qualifi- 
cation, or at least to further investigation. 
In default of some other reasonable assump- 
tion, no generalization can be made. 

In considering further the situation where 
the voting pattern for state offices does not 
correspond to the presidential voting pat- 
tern, it will help to begin by asking why 
voters split their tickets. They may do so on 
the basis of personalities of candidates or 
because of local issues completely unrelated 
to the issue orientation of the national 
parties, e.g., corruption in the state govert- 
ment. Such factors as these are often very 
important, but they are just as likely to 
favor one side as the other. In any particular 
case they might distort the frustration and 
profit figures that would be derived from 
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the formula developed above; but over the 
country at large, and especially over several 
elections, these distortions should even out. 

Another occasion for ticket-splitting may 
be that certain voters have clusters of inter- 
ests or loyalties that cut across the patterns 
of both major parties. Again, in the absence 
of some systematic reason for such atypical 
clustering, the net effect should be nil. Take 
the case of Jones, who favors the Democratic 
Party on national questions and the Repub- 
lican Party on state matters. The possibil- 
ities of vote frustration for Jones, for 
various combinations of electoral results, 
are set forth in Table 4. (‘‘x” indicates frus- 
tration: ‘0’ lack of frustration, or satisfac- 
tion.) Taking account of the four possible 
combinations of electoral results, his vote is 
frustrated four times, whether the govern- 
ment be unitary or federal. Comparing his 
case with that of Brown, a consistent 
Democrat, we note that the net results are 
the same—four frustrations out of eight 
chances under either form of government. 
In other words, the special case of the voter 
with an interest cluster that crosses that of 
the parties, and who would for this reason 
split his ticket, does not affect the argument 
we have been making. Such cases will not 
alter the net amount of frustration or of 
profit for federalism, if there is an equal 
distribution of patterns of interest clustering 
and of combinations of electoral results. 

But now, going beyond the analysis of 
federalism per se, let us look at the case of 
Smith, a conservative southern Democrat. 
Smith, we assume, favors the Republicans 
at the national level and the Democrats 
locally. Unlike the case of Jones, this is not 
because his interest-cluster cuts across the 
programs of the national parties, but be- 
cause the Democratic party in his state is 
opposed to the national party on federal 


’ Incidentally, it may be pointed out that, 
while it is not rare for the voters in a given state 
to elect a Governor from one party and at the 
same time give a majority of their votes to the 
Presidential candidate of the opposing party, 
this usually happens where the parties are closely 
divided and the idiosyncracy of personality or 
peculiarly local factors can easily swing the 
balance. This is the situation where in any case 
the profit from federalism is minimal. 
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TABLE 4 
FRUSTRATION PATTERNS 
Brown Jones Smith 








| Uni- | Fed-| Uni- | Fed- | Uni- | Fed- 
| tary | eral tary | eral | tary | eral 





| state state state | state | state state 
See a] ORES SG WEDS ek) Se REE SSF 
A. If the Democrats | 
win at both levels | 
National level | 0 0 x ee it x 
State level .. 0 c 0 0 x 0 
B. If the Democrats | | 
win _ nationally | | 
and the Republi- | | 
cans win his state | 
National level | 0 0 x > fx x\ 
State level...... | 0 x 0 te x} 
C. If the Republicans | 
win _ nationally | | } 
and the Demo- | 
crats win his state | | 
National level .......| x x e. | €.e he 
State level Pr 0 x | 0 Ce 
D. If the Republicans | 
win at both levels | | 
National level I 2 Spe Pe (Rie he 
State level... x ey Ne set | \o xf 





level questions. The monolithic party pat- 
tern definitely does not prevail. In his case, 
as in the others, if we take account of all 
four electoral possibilities, he has four 
chances of frustration out of eight under 
either form of government. However, two of 
the possible electoral combinations are to 
all intents and purposes ruled out by the 
hypothesis that we are dealing with a 
southern state: namely, the two cases in 
which the Republicans win at the state 
level. Eliminating these two cases from our 
calculation (leaving A and C as realistic 
possibilities), we find that Smith has two 
chances of frustration in a unitary state to 
one in a federal state. It follows that in the 
clearest case we have in the United States 
of a systematic and enduring departure from 
monolithic parties, the result is to increase 
the advantage, or profit, derived from feder- 
alism. 

It. may be useful to illustrate the kind of 
situations that arise with ticket-splitting of 
the kind just discussed by means of a table 
comparable to Table 1. This time we shall 
construct unions from states answering to 
the following descriptions: 

State A.—overwhelmingly Democratic at 

the state level and moderately so at the 
federal level 
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State B—marginally Republican at both 
levels 
State C—marginally Democratic at both 
levels 
State D—strongly Republican at both 
levels 





State E—overwhelmingly Democratic at 
the state level and moderately Repub- 
lican at the federal level 

State I.—strongly Democratic at both 
levels 

Table 5 presents the electoral results and 
consequent profit for six possible combina- 


TABLE 5 


MopEts ILLUSTRATING EFFECTS OF SYSTEMATIC 
TICKET-SPLITTING 
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Federal level State level = 
° 
rc: 
| Frustrated 
| | Frus- ( votes _ | (Col. c 
Dem.) Rep. |trated) Dem.) Rep. | es <p minus 
Col. a'Col. b) votes/Col. dCol. e| bem 2 Col. f) 
Col. c G oF | GCol-k 
yovernor) 
| iCal. “£ 
Ist union | | | 
StateA | 55 | 45 | | 90 10 | 10 
StateB | 49 | 51 | 49 | 51 | 49 
POEs) (Seen) Si Tey foe Hee IA, Eee On Wet 
Totals.....| 104 | 96 | 96 | 139 | 61 59 37 
as ERE: | aha ae aay ee aa 
2nd union 
State A | 55 | 45 90 | 10 10 
StateC | 51 | 49 | 51 49 | 49 
Totais.....| 106 | 94 | 94 | 146 | 59 59 35 
3rd union | 
StateA | 55 | 45 | | 10 | 16 
State D | 35 | 65 | 35 | 65 35 
Totals.....| 90 | 110 | 90 | 125 | 75 | 45 45 
eae ot ee Seu a enacts 
4th union | } 
StateE | 45 | 55 | 90 an Me | 
State B 49 51 | 49 51 | 49 
Totals.....| 94 | 106 | 94 | 139 | 61 | 89 35 
5th union | | 
StateE | 45 | 55 | 9 | 10 | 10 
State C 51 49 | 51 49 49 
Totals. ... 96 104 96 | 141 59 | 59 37 
| | | — | — | — cea Cam 
6th union | | 
StateE | 45 | 55 | 9 | 10 | 10 
State F | 65 | 35 | 65 | 35 | 35 
Totals.....| 110 | 90 | 9/155 | 45 | 45 45 
| i | | 
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tions of these states. The table differs from 
Table 1 in that the columns for the pre- 
sumed unitary state have been omitted, 
since we have now seen that they are un- 
necessary for the calculation. The profit 
results are obtained by the formula devel- 
oped on page 152. 

All of what has been said relates to a situ- 
ation. in which there are only two major 
parties. No attempt will be made here to 
deal with a multiparty system. The fact 
that it is impossible to know a priori whether 
members of a defeated party will be more 
or less frustrated than they would have 
been had one of the other defeated parties 
won the election indicates the problem that 
would be involved in trying to apply the 
reasoning we have been using to such a 
situation.® 

Now for a look at actual figures for the 
United States. The writer has had certain 
computations made for the period covered 
by the Riker-Schaps article, using various 
simplifying assumptions. For our first look, 
we may assume that votes cast for President 
may be accepted, on average, as indicative 
of state level attitudes. In other words, it 
is assumed that the parties are monolithic 
and that voters are aligned accordingly. No 
account will be taken of any votes other 
than those cast for President, these being 
treated as party votes. This is the simple 
situation dealt with in Table 2, for which we 
discovered that the profit for federalism 
could be derived by adding the voting 
differentials between the parties in each of 
the states that gave a majority of their votes 
to the losing presidential candidate. (Except 
for the figures for total votes cast and the 
theoretical maximum profits calculated 
therefrom, the votes cast for parties other 
than the two major parties have been disre- 
garded in Tables 6 and 7, unless otherwise 
noted.) The results of these calculations 
appear in Table 6. The profit figures, it will 


*6This is an appropriate place to note that 
the unit of measurement used throughout this 
article, the frustrated vote, is not necessarily 
constant. Doubtless some voters whose candidates 
are defeated are much more frustrated than 
others. Perhaps these inequalities average out on 
a nationwide basis, but of course this is by 10 
means a certainty. 
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TABLE 6 
PROFIT FROM FEDERALISM (IN THOUSANDS OF VOTES)* 
| All States | South Excluded South Only 
Profit | | 
7 Total votes eae = Seen | 
Year | baer fall P ’ { Actual as % of | Total gay Profit (Total votes cast} Profit 
parties) Theoretical Actual theoretical } Cal. e Col. f Col. g | Col. h 
Col a Baa hi Col. ¢ maximum ‘ 
Col. b Col. d 
1936 45 ,647 22,823 62 .27 41,472 62 4175 0 
1940 49 ,820 24,909 412 1.65 45,144 412 4676 0 
1944 47,976 23,988 558 2.33 43 , 235 558 4741 0 
1948 48 ,834 24,416 612 2.51 43 ,722 612 5112 | 0 
1952 61,552 30,775 664 2.16 52,997 34 8555 | 630 
1956 62 ,027 31,013 485 1.56 53,405 4 8622 481 
Averages 52,643 26 , 321 466 | ery: 46 ,663 397 5980 189 








* Figures are taken and derived from The Statistical Abstract of the United States, 1958, Washington: 
Government Printing Office, 1958, pp. 344-347; The World Almanac and Book of Facts for 1968, New 
York: New York World-Telegram, 1958, pp. 584-611; and Richard M. Seammon (Ed.), America Votes 
—a Handbook of Contemporary Election Statistics, 1956-1957, New York: The Maemillan Co., 1958 
pp. 1, 3, and 5. Computations have been made from state totals rounded to the nearest thousand. Dis- 





crepancies among the sources exist but are inconsequential. 


be recalled, indicate the difference between 
the number of votes (two for each voter— 
one for each level of government) that would 
be frustrated in a unitary state from the 
parallel number for a federal state. More- 
over, it can be shown that the maximum 
profit will always be one less than one half of 
the number of voters.? To show the effect of 
the “solid South” the figures are given both 
for the country as a whole and with the 
omission of these eleven states.® 

It will be observed that there is always a 
profit, but that it is never more than a small 
fraction of the theoretical maximum. The 
profit is least when there is a great Demo- 
eratic landslide. (It will be recalled that 


7For this reason Table 6 shows the total 
number of votes cast in each case. It must be 
recognized, however, that the maximum profit 
could be obtained only from a situation like the 
following: 


profit is derived solely from states that go 
counter to the national result. In 1936, only 
Maine and Vermont fell in this category.) 
Because of the solid South, the effect of a 
Republican landslide is less marked. Con- 
versely, a close race maximizes profit, as is 
illustrated by the year 1948 when the profit, 
in relation to its theoretical maximum, 
reached its highest point. Omitting the solid 
South makes no difference to actual profit 
figures in years of Democratic victory. 
Accordingly it increases the relative profits. 
In Republican years, on the other hand, 
profits are virtually all derived from the 
South, the figures for the rest of the country 
dwindling to insignificance. 

Finally, we may attempt to get some idea 
of what happens in the United States when 
we drop the assumption that votes cast for 
President are indicative of the voter’s 
attitude in state matters. For this purpose 


Beth Levels we must count votes cast in state elections 

_ Democratic —_- Republican as well as Presidential ballots. Here we en- 

State A 0 20 counter serious difficulties that can be over- 
“sees . come only in a crude and partial fashion. 
oe ae In the first place, we assume that the guber- 

50 49 P= 49  natorial vote provides the best indication of 


* Alabama, Arkansas, Florida, Georgia, Loui- 
Siana, Mississippi, North Carolina, South Caro- 
lina, Tennessee, Texas, and Virginia. 


sentiment at the state level. Unfortunately, 
states do not always hold gubernatorial 
elections in the same year as presidential 

































































156 J. ROLAND PENNOCK 
TABLE 7 
PROFIT AS CALCULATED FROM PRESIDENTIAL AND GUBERNATORIAL VOTES 
(FIGURES IN THOUSANDS) 
United States South Excluded South Only 
Profit rae | Oh alae | iG 
Vous Votes for. Votes for Tt moe}. Vetes dor Votes for | Votes for | Votes for | 
losing presi- losing guber- | | As per- | losing presi- losing guber- Profit ‘losing presi- losing gub- | 
dential can- |natoria! can- | centage of | dential can- |natorial can- Col. it “dential | ernatorial | Profit 
didate | didates | Actual |theoretical|  didates didates ol. candidate | candidates | ©! j 
Cae | Sob Col. c | maxi- Col. e Col. f Col. h Col.i | 
| | mum 
Col. d 
1936 16,680 16,330 350 «1.5 15,883 14,991 350 797 559 | 0 
194C 22 ,305 20,080 2,225; 8.9 21,381 19,156 2,225 924 392 | 0 
1944 22,006 | 17,204 4,802) 20.2 20,814 16,517 4,802, 1,192 687 | 0 
1948 24,101T 17 ,569 6,536 26.8 | 20,609 16,766 3,833, 3,496 793 | 2,703 
1952 27,315 22,030 5,285) 17.2 22,890 20,975 1,915, 4,425 1,055 | 3,370 
1956 26 ,030 23 , 226 2,804, 9.0 | 21,912 21,805 107, 4,118 1,421 | 2,697 
Averages | 23,073 | 19,407 | 3,666 13.9 | 20,582 | 18,368 | 2,205 2,492 | 815 | 1,462 
* Theoretical maxima are the same as those shown in Table 6. 
+ Including votes for Thurmond and for Wallace. 
TABLE 8 


elections. In the calculations below, figures 
for the gubernatorial election closest to the 
presidential election have been used. Where 
the presidential election falls half way be- 
tween gubernatorial elections, the figures for 
the gubernatorial election preceding the 
presidential election have been selected. 
The results of these calculations are set 
forth in Table 7. 

The most striking fact about this table is 
that it shows markedly higher profits than 
appeared from the calculations based upon 
votes for President alone. There would 
appear to be two explanations for this differ- 
ence. Partly, no doubt, the difference repre- 
sents the additional profit arising out of 
ticket-splitting. It was explained above (see 
page 153) that this opportunity should tend 
to increase net profits from federalism on 
account of the peculiar phenomenon of 
conservative southern Democrats. The fig- 
ures are also affected, however, by the fact 
that the voting turnout is normally much 
lower in state than in presidential elections. 
Since profit is derived by deducting the 
state losers from the federal losers, this tends 
to inflate the profit figures. Insofar as the 
lower state turnout reflects greater satisfac- 
tion (less frustration) at this level, it is 
right that it should show up as an increase 
in profit from federalism. But insofar as it 
reflects merely a feeling that the matters con- 


RELATIVE IMPORTANCE OF STATE AND FEDERAL 
FIGURES IN AFFECTING PROFIT 

















| Percentage | | | Percentage | 
Your | of losers at | Rank | Profit) Rank| of losers at | Rank 

federal level 'Col. b Col. c Col. d) state level (Col. f 

eae os eae | | Col. ¢ 
1936 | 39.8 | 6 |1.8/ 6 | 38.9 | 4 
1940; 45.4 | 3 | 2.5) 5 | 45.0 | 5 
1944/ 469 | 215.1] 3 | 44.7 | 3 
1948 49.5 Pret toe | 39.4 1 
1952; 44.4 | 4 |5.8/ 2 | 42.0 | 2 
1956| 42.0 | 5/32] 4 | 43.7 | 6 





trolled by state government are not very 
important and hence not worth the effort 
of voting it is not relevant to our purposes. 
Accordingly, the profit figures indicated by 
this table must be taken with a grain of salt. 
They are best used in terms of the relation- 
ships they show between different years and 
between the South and the rest of the 
country; but it is also fair to say that the 
true profit for the years in question lies 
somewhere between the figures given in 
Table 6 and those in Table 7. 

Apart from the point just discussed, the 
general picture emerging from Table 7 is not 
dissimilar from that presented by Table 6. 
Profits taper off rapidly when the presiden- 
tial race is won by a landslide. It will be 
recalled that profits are a function of dis- 
parity of party alignments from state to 
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state. What has been happening in the 
United States is that landslide votes for a 
presidential candidate tend to minimize the 
average disparity between the parties at the 
state level (i.e., to diminish state landslides!). 
The consequence is that a presidential land- 
slide both diminishes the number of frus- 
trated votes at the federal level (by defini- 
tion) and also tends to increase the number 
at the state level (since with less disparate 
results, state by state, state minorities in- 
crease). Necessarily, under these circum- 
stances, the profit from federalism declines. 
The operation of these forces and the rela- 
tive importance of the two factors (changes 
in federal minorities and changes in state 
minorities) can be shown by reducing the 
respective minorities to percentages of the 
votes cast for the office in question and com- 
paring these results with our profit figures. 
The results are set out in Table 8. It will be 
observed that, while the profit ranking 
correlates closely with that of each of the 
two determining factors, the correlation is 
closer with the fluctuations in state minor- 
ities than it is with the fluctuations in 
federal minorities. (The Spearman’s rank 
correlation coefficient for columns b and d is 
714 while that for columns d and f is .771.) 


CONCLUSION 


In conclusion, let us recall the original 
contention we set out to establish. Broadly, 
it was to the effect that Riker and Schaps, 
while developing useful analysis of one kind 
of disadvantage of federalism and an inter- 
esting measuring device for that drawback, 
have in two ways overstated the case 
against federalism. First, it is believed that 
the “disharmonies” inherent in federalism 
may be less than they suggest. This point 
has not been developed at length, but some 
analysis of what is meant by disharmony 
in terms of their own treatment of the sub- 
ject strongly suggests that they have over- 
rated this factor. Second, it is argued that 
there is a countervailing factor (also describ- 
able in terms of harmony and disharmony) 
to which they do not refer. How important 
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is this factor, that of minimizing vote frus- 
tration, I do not attempt to say. How it 
should be weighed against a loss of efficiency 
or of harmony or any other believed dis- 
advantage of federalism is not my present 
concern. I have tried, however, to develop 
some crude measurements of the extent to 
which our own federal system does minimize 
the number of voters whose will, as ex- 
pressed by the ballot, is frustrated. The 
measure developed contains a margin of 
error at least as wide as that between the 
results set forth in Table 6 and those in 
Table 7. : 

It should be pointed out, moreover, that 
the figures regarding profits from federalism 
given in Tables 6 and 7 are based on the 
assumption that matters handled by the 
federal government and those dealt with 
by the states are of equal importance. For 
our own federal union, this is hardly a real- 
istic assumption. Accordingly, the profit, 
deriving as it does from minimizing frustra- 
tion at the state level, needs to be discounted 
by some appropriate factor reflecting one’s 
estimate of the relative importance of 
matters controlled by the two spheres. 

The reader should be reminded, too, of 
the qualification set out in note 4 above. 
Insofar as grants in aid and similar devices 
tend to coordinate federal and state policies, 
they minimize the potential profit from 
federalism in terms of minimized frustration. 

Finally, however, with respect to both of 
the qualifications just made, they tend to 
minimize federal disharmonies, or the im- 
portance of these disharmonies, roughly in 
proportion as they minimize the advantage 
herein discussed. Accordingly, they can 
safely be disregarded. 
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BOOK REVIEW 


Janis, Irving L., Psychological Stress: Psychoanalytic and behavioral studies of surgical patients. New 


York: Jonn WitEy & Sons, 1958, pp. 439. 


N his Wisdom Of The Body (Kegan Paul: 
1939) Cannon exemplified one of the 
basic facts of our life when he wrote that, 
“the living being is an agency of such sort 
that each disturbing influence induces by 
itself the calling forth of compensatory 
activity to neutralise or repair the disturb- 
ance.”’ Environmental stimuli disturbing the 
organism are thus balanced by corresponding 
adjustive compensation in the organism. 
Such adjustive changes have their behavioral 
counterpart, not, of course, exactly synony- 
mous with physiological reactions. The prin- 
ciple of homeostasis, nonetheless, is a very 
useful concept if translated into behavioral 
terms (Russell, 1953: Intern. J. Psychoanal.) 
The constant process of adjustment to en- 
vironmental forces goes on normally till the 
intensity of these forces exceeds the capacity 
of the organism to bear, in which case re- 
sponses become disorganized and adjustive 
mechanisms fail, resulting in anxiety, fear, 
intolerance, regression and repetitions of 
childish and stereotyped adjustment tech- 
niques. The conditions under which the be- 
havior of the organism is thus disorganized 
are conflict and/or frustration. 

For the past many decades researches into 
the effects of these variables have been 
prominent in psychological literature. Ex- 
tensive investigations have been reported on 
the effects of frustration and conflict on the 
human and infrahuman organism both in 
terms of psychological and physiological 
variables. Front a survey of the literature it 
appears that such studies have followed two 
main lines of methodological approach. One, 
the clinical approach has frequently taken 
Freudian theories as its basic frame of refer- 
ence. Freud’s thesis that frustration is pro- 
duced by the inability of the organism to get 
over internal and external obstacles and his 
speculation that failure to face such obstacles 
becomes repressed and turns out to be a 
dynamic force only to seek outlet through 


masked devices, proved very fruitful and 
productive. But almost all the researches 
within this model have followed a thera- 
peutic line of attack and have been con- 
cerned less with scientific accuracy and 
objective reliability. The second line of ap- 
proach has employed the rigors of scientific 
logic and experimental method. Pavlov’s 
production of ‘experimental neurosis” in 
the dog set forth the model for an experi- 
mental approach to psychopathology. Dur- 
ing the last two decades increasing faith in 
the logic of scientific procedure and the re- 
liability of experimental method has to a 
great extent replaced dogmatic and specula- 
tive formulations with an objective and 
experimental approach for the study of 
“behavior deviations.”’ 

The book under review concerns condi- 
tions responsible for the breakdown of the 
homeostatic balance. More specifically, the 
events referred to by the term ‘‘psychological 
stress’’ “‘would be those changes in the en- 
vironment which typically—i.e. in the 
average person—induce a high degree of 
emotional tension and interfere with normal 
patterns of response” (p.13). The present 
volume, as the sub-title indicates, is based 
upon psychoanalytic and behavioral studies 
of surgical patients and the author hopes 
that “some of the tentative conclusions 
drawn from studying surgical patients will 
prove to be valid generalizations of much 
wider scope, applying not only to the entire 
class of severe stresses but to the moderate 
and mild types as well” (p. 13). 

The book is divided into two parts. Part 
one gives a thorough and detailed account of 
the conscious and unconscious emotional 
processes of one surgical patient as revealed 
through twenty psychoanalytic sessions both 
before and after the operation. In this ob- 
servational material one gets a very reveal- 
ing picture of the psychodynamics of be- 
havior under stress. In this part of the book, 
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the author has three definite aims: to report 
the psychoanalytic observations, to draw 
conclusions about the patient’s stress be- 
havior, and to deduce tentative hypotheses 
concerning the determinants of stress reac- 
tions that are likely to occur among large 
numbers of people. He has succeeded in this 
with a fair degree of accuracy and objectiv- 
ity. The fourteen hypotheses and _ their 
corollaries that he has drawn from his data 
present a very rich and interesting field for 
experimental verification. The use of psycho- 
analytic data for the purpose of generaliza- 
tions on the psychodynamics of stress be- 


~ havior is a new approach and promises to be 


very helpful in giving valid supplementary 
information for interpreting experimental 
studies of psychological stress. The hypothe- 
ses presented in this part of the book have 
interesting possibilities for social and psycho- 
pathological behavior. 

In his attempt to present the psycho- 
analytic data in proper perspective, the 
author makes a very strong case for psycho- 
analytic case-method as an approach to the 
study of behavior abnormalities. He also 
suggests that there are many aspects of nor- 
mal behavior, in addition to those involving 
psychological stress, which can be profitably 
investigated by using such data (p. 17). 

Part two of the book takes account of be- 
havioral data based on an intensive study of 
a small number of hospitalized patients 
before and after surgery through an analysis 
of preoperative and postoperative interviews 
conducted by the author and the use of the 
patient’s daily behavioral records main- 
tained in the hospital. To supplement and 
elucidate the findings of these interviews and 
the psychoanalytic observations of the first 
part of the book, a questionnaire was ad- 
ministered to several hundred male adoles- 
cents who had undergone surgical operation 
within the past few years. The data of the 
interviews and the questionnaire survey were 
analysed by the method of controlled com- 
parisons. In contrast to the psychoanalytic 
data of the first part of the book which were 
concerned with a large number of variables 
supposed to affect personal adjustment dur- 
ing surgical experiences, the behavioral data 
in the second part of the book were limited 


in scope and concentrated entirely on two 
reaction variables, namely, fear of body 
damage as evidenced through verbalized 
attitudes and overt attempts towards self- 
protection; and externalized anger as evi- 
denced through verbalized resentment to- 
wards external agents. 

The usefulness of the book has been en- 
hanced by the addition of a chapter at the 
end of each part which summarizes the main 
contents of the chapters preceding it. This 
undoubtedly increases the volume of the 
book and might be irritating to some readers, 
but the positive value of these summary 
chapters would be obvious to those who look 
for a summarized account of the contents in 
brief at the end of a long intellectual en- 
deavor to grasp all the main features of a 
piece of research scattered over about two 
hundred pages. The author has provided 
these summaries specifically to help readers 
to recapitulate easily the main arguments of 
the previous chapter. It might be useful at 
this point to take advantage of this aspect 
of the book and present the two broad gen- 
eral postulates which run through the whole 
book. This would help evaluate the major 
contributions of the present volume. 
Postulate 1: In adult life, exposure to any 

signs of potential mutilation or annihila- 
tion will tend to reactivate the seemingly 
outgrown patterns of emotional response 
which had originally been elicited and 
reinforced during the stress episodes of 
early childhood (p. 196). 

Postulate 2: Persons who display a moderate 
degree of anticipatory fear before being 
exposed to physical stress stimuli will be 
less likely to develop emotional dis- 
turbances during or after the stress 
exposure than those persons who display 
either a very high degree or a very low 
degree of anticipatory fear (p. 396). 

Besides the summary at the end of each 
part, every chapter has explanatory notes on 
certain theoretical or conceptual aspects of 
the argument running through the chapter. 
This has the advantage of making the argu- 
ment run smooth without complicating the 
details with concepts, with, of course, an 
equal disadvantage of presenting two lines of 
the same thought at two different places. 
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The author seems to have taken consider- 
able pains to present an exhaustive bib- 
liography of 435 items from American, 
British and Canadian sources. In this con- 
nection, however, it may be noted with re- 
gret that the author has not mentioned or 
evaluated much of the relevant experimental 
literature on behavior under stress. This 
is specifically true of the recent British re- 
searches at the Universities of London and 
Cambridge. These have been published 
mostly in British journals. Kurt Goldstein 
also is missing from the authors index. Hans 
Selye is mentioned only once. 

When it comes to commenting on the main 
body of the book, the reviewer’s task is ren- 
dered difficult by the fact that there is as yet 
no agreement even on the basic conceptual 
framework within which the phenomenon of 
psychological stress could most profitably 
be studied. There are those who emphasize 
the situational aspects of stress reactions 
while another group of investigators high- 
lights the organismic features of behavior 
under stress. Again, there are those who 
start with the assumption that stress cannot 
be measured directly since it is an interven- 
ing variable. There is another group of re- 
searchers who seek to look at the phe- 
nomenon as analogous to physiological stress 
and try to translate it into behavioral terms. 
The present book more nearly takes the posi- 
tion that psychological stress is qualitatively 
different. from physiological stress and that 
the concept of ‘homeostasis’ does not help 
much in understanding behavioral changes 
under psychological stress. There is a brief 
discussion of various approaches employed 
so far in the study of psychological stress in 
which the author seems to favour the posi- 
tion that stress should be studied as an inter- 
vening variable (p. 12). But curiously 
enough in his discussion of the “scope of 
inquiry” (p. 7) where he outlines the three 
major phases of psychological stress that 
typically occur when a person is exposed to 
a situation of objective danger, namely, 
threat, danger impact and _ postimpact 
victimization, he comes very close to what 
Selye implies by his General Adaptation 
Syndrome (G.A.8.) involving the alarm, 
resistance and exhaustion phases of reac- 


tions to stressors, which, as is well known, is 
based on his biological studies of stress. It 
can, however, be said that Janis’s division of 
psychological stress might be as useful a 
concept in the study of reactions to stress as 
Rosenzweig’s classification of subjective 
reactions into extropunitive, intropunitive 
and impunitive. 

The -psychological stress as defined in the 
present volume seems to cover, in a loose 
sense, both the situational and organismic 
aspects of behavior under stress. This might 
entail many methodological difficulties in 
the way of experimentally producing a stress 
situation. 

The reviewer has some reservations about 
Janis’s implication that ‘there are a large 
number of cause-and-effect relationships 
which will prove to be applicable to the stress 
behavior of all sectors of contemporary 
modern society and which might even prove 
to be valid cross-culturally” (p. 9). If culture 
plays any part in shaping the reaction 
patterns of the individuals within it, it might 
be expecting too much even to be able to 
arrive at an universal definition of psycho- 
logical stress. The only validity a study of 
this kind can have for another culture would 
be its technique of investigation. In this 
connection the present study has all the in- 
herent merits and demerits of the survey 
and interview methods, not mentioning, of 
course, the oft-unwarranted generalizations 
from the psychoanalytic observations of one 
patient. 

A basic weakness that strikes at the very 
foundation of the present study is the ques- 
tionable assumption that surgery always in- 
volves a profound threat to one’s body and, 
therefore, constitutes the basic condition for 
psychological stress. This assumption might 
be justifiable in many cases, but there are 
reasons to suppose that there would be a 
number of rewarding and relieving features 
for the individual to make him ready and 
agreeable to undergo the ordeal of surgical 
operation. The expected operation does in- 
volve an ambivalent emotion of fear and 
hope. The patient in the present study, for 
example, seems to have this ambivalent 
attitude herself. To assume, therefore, that 
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3 the magnitude of fear is greater than hope is_ gratulated for his attempt to put clinical 
t unwarranted, especially in the face of the data on a sound scientific basis. The book is 
f various techniques of anaesthesia which a bold attempt to bridge the gap between the 
a should serve to reduce the intensity of fear clinical and experimental approaches for the 
S involved in surgery. study of psychopathological behavior. In 
e Notwithstanding some of the above brief, the author attempts a rapproachement 
e features of the book, it is readable and in- between the Freudian and Pavlovian tech- 
formative. It is undoubtedly a useful addi- niques. 
e tion to the existing clinical literature on S. M. Hareez Zatp1 
e psychological stress. The author is to be con- Michigan State University 
Cc 
it 
n 
38 om 
it 
re 
08 
$s Mathematics is the model of exact inference; and in physics we 
ry have endeavoured to replace all cruder inference by this rigorous 
ve type. Where we cannot complete the mathematical chain we con- 
re fess that we are wandering in the dark and are unable to assert 
on real knowledge. Small wonder then that physical science should 
ht have evolved a conception of the world consisting of entities 
to rigorously bound to one another by mathematical equations form- 
0- ing a deterministic scheme. This’ knowledge has all been inferred 
of and it was bound therefore to conform to the system of inference 
ld that was used. The determinism of the physical laws simply reflects 
his the determinism of the method of inference. This soulless nature 
in- of the scientific world need not worry those who are persuaded that 
ey the main significances of our environment are of a more spiritual 
of character. Anyone who studied the method of inference employed 
ns by the physicist could predict the general characteristics of the 
yne world that he must necessarily find. What he could not have pre- 
dicted is the great success of the method—the submission of so 
ery large a proportion of natural phenomena to be brought into the 
es. prejudged scheme. But making all allowance for future progress in 
in- developing the scheme, it seems to be flying in the face of obvious 
nd, facts to pretend that it is all comprehensive. 
for —A.§S. Epp1nGTon in The Nature of the Physical World 
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COMPUTERS IN BEHAVIORAL SCIENCE 


A statement of editorial policy and acall for manuscripts for this new 


department 


Although some behavioral scientists have 
been quick to see the usefulness of the new 
electronic computers there has been a remarka- 
ble lack of communication about the actual use 
of such computers in the behavioral sciences. 
This new department is designed to remedy 
this condition. 

We plan to publish material of five kinds: 

1. News items about computer-installations, 
about individual behavioral scientists or 
statisticians doing work in which elec- 
tronic computers play an important role, 
about training courses in programming 
for computers. 

2. Abstracts of computer programs con- 
sidered to be of general interest. 

3. Brief papers descriptive of various inte- 
grated systems of data processing and 
computation, specially designed for use 
by behavioral scientists. 

4. Somewhat longer papers about more 
general topics related to computer usage 
and programming research design as a 


Computer Program Abstracts 


This new regular department will publish 
brief abstracts of computer programs. These 
abstracts should state clearly the purpose of 
the statistical calculation, data processing op- 
eration or simulation which will be performed 
under its control. The following points should 
also be covered clearly: 

1. The type of machine for which it is 

written. 

2. Any special equipment required, such 
as index registers, core memory, floating 
point attachment, oscilloscope or audio 
output, etc. 

3. Format of the input. 

4. Limitations of size or other restrictions. 





result of the increasing speed of calcula- 
tions, comparison of the accuracy and 
speed of results obtained from different 
solutions of the same problem. 

5. Papers with more theoretical content such 
as papers about machines that learn or 
play games, about operations research, 
about linear programming, etc. 

Manuscripts are invited for all five cate- 

gories. Upon receipt of a manuscript the 
author’s name will be removed and the paper 
given to two referees for editorial comments. 
We would like to invite interested organiza- 
tions to appoint a reporter to supply us with 
news items and programs. This department 
will be handled by the following editorial 
committee: Steven G. Vandenberg, University 
of Michigan, Chairman; Bert F. Green, Jr., 
Massachusetts Institute of Technology; Bruce 
Mackenzie, International Business Machines; 
John Mauchly, Remington Rand; Martin H. 
Rogoff, U. S. Bureau of Mines; Charles F. 
Wrigley, Michigan State University. 


5. Bibliographic reference for the method 

used. 

6. Address of author. 

An author who wants to submit a program 
abstract will be asked to prepare in addition 
a program description with all the details 
necessary for the successful use of the program 
by others, including instructions for the 
console operator. After editing, this full 
description will be deposited with the Ameri- 
can Documentation Institute, unless the 
author himself or his employer agrees to 
fulfill requests for the program. The published 
abstract will be followed by a statement indi- 
cating where comes of the full program 
description may be obtained. 
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Some Thoughts About Possible Changes in 
Research Practices Resulting from 
the Use of Electronic Computers, 
Steven G. Vandenberg, The University 
of Michigan 

Increased uses of high speed computers 
are producing changes in the research 
methodology of the behavioral sciences 
(Devoe, 1957; Ward, 1955; Wrigley, 1957). 

Two changes in the organization and 
planning of research budgets are by now 
obvious to all who have dealt with com- 
puters. The first is the enormous reduction 
in the time necessary for the actual calcu- 
lation; in fact, most of the time will gen- 
erally be spent on the preparation of the 
data, the planning of the analysis to be 
prepared and the writing of a program—if 
no suitable program is available. The second, 
corollary one is that many more calculations 
of the same kind become feasible. There 
are, however, some other consequences 
which are not quite so obvious. 

Because the writing of a new program is 
a rather time-consuming task, it becomes 
even more important than before the ad- 
vent of electronic computers (henceforth 
called B.E.C.) to consider carefully what 
kind of an analysis is desired. When good 
fortune provides a program which appears 
to be suitable, there is the grave danger 
that the new user of the program does not 
know precisely what the program does and 
therefore may put it to an inappropriate 
use. Occasionally this may lead to a diffi- 
culty in running the program, which will 
call attention to this fact, but more often 
this will not be the case. In B.E.C. days, 
the first computations in a large project 
were often performed by the scientist 
himself who then designed computational 
routines and work sheets to be used by his 
assistants. While doing this he had a chance 
to think through all the implications of a 
particular type of analysis and to observe 
the appropriateness (or lack of it) of the 
method chosen. When an available program 
is blindly used, these safeguards disappear. 

To be on the safe side it will be advisable 
to continue to perform some trial compu- 
tations on paper even though a program is 
available which seems to fit properly. It 


certainly becomes imperative that program 
descriptions contain information necessary 
to evaluate its appropriateness. 

But even if the program is applicable in a 
general way there remains another danger. 
Perhaps it is best illustrated by an example. 
There are a variety of methods in multi- 
variate analysis which bear the common 
name ‘factor analysis.”” These techniques 
are concerned with the question of whether a 
large number of variables can be defined 
more or less well by a small number of 
components of variance. Although all 
these techniques have a similar goal, the 
steps taken differ. Familiarity with these 
differences was acquired B.E.C. during the 
slow process of performing the computations 
on a desk calculator; a procedure which 
left lots of time for meditation about such 
questions as: “Just what is it I am doing?”’, 
“Could it be done better in another way?’’, 
etc. Such doubts sent the individual to the 
literature in search of alternative methods. 
It seems likely that the availability of a 
computer program for a particular method 
will lead to the predominant use of this 
method even if another method might be 
known to the investigator. 

To counteract this tendency a vigorous 
drive will be necessary to program more 
than one method and to compare systemati- 
cally the results obtained via different 
methods. Actually a systematic evaluation 
of methods would not only lead to an 
important improvement in the overall 
quality of programs but more importantly 
would improve the quality of experiments 
by a correct use of the data, without con- 
siderations dictated by limitations of the 
computational routines. 

So far we have been assuming that the 
investigator knows what he is doing. This 
assumption may not always hold (Guilford, 
1952). The ease with which some compli- 
cated analyses can be performed will—I 
am afraid—lead to an increase of inap- 
propriate applications of methods such as, 
for instance, factor analysis. 

A related change we may look forward 
to is the occurrence of more systematic 
examination of things frequently taken for 
granted B.E.C., such as linearity of re- 
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gression or normality of distribution. Be- 
cause the investigator no longer has an 
opportunity to ‘see’ the computations, a 
great deal more reliance will have to be 
placed on the incorporation of statistical 
indices for these characteristics, evidence 
which will tell the investigator when his 
data does not fit the assumptions of the 
statistical model. Such indices have been 
available for a long time but have not been 
used very widely because of the complexity 
of the calculations B.E.C. This excuse will 
no longer hold water. 

Because routine computation of such 
indices will turn up many instances of only 
mild departures from the desired condition, 
the practice of including such routines 
will have to lead to a careful consideration of 
various alternatives. It may at times be 
possible to have the program automatically 
switch to another computational scheme 
which fits the particular type of data better. 

As more complex characteristics of the 
data are examined, the overall design of 
the experiment may also become more 
complex than would have been the case 
B.E.C. The fact that the investigator can 
have the answer to questions after a few 
weeks instead of after many months makes 
it possible to be much more flexible about 
the strategy of research. In looking for 
differences between groups or as a result 
of a particular process, such as learning or 
therapy, the use of a sequential analysis 
type of approach may—once. a program is 
available—lead to changes in the choice of 
variables during the stage of data collection. 
Methods based on a similar type of reason- 
ing may perhaps be derived to deal with 
first order and higher order correlation and 
regression. 

To stay in control of such increasingly 
complicated computational programs the 
behavioral scientist will either have to 
learn increasing amounts of mathematics 
or learn to communicate more with mathe- 
maticians. New specialties are taking shape 
from among the individuals who are familiar 
with the potentialities of computers. The 
scientist who contemplates the use of 
computers in his work had better get ac- 
quainted with the possibilities as early as 
he can in the planning of his research. 
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Finally we may expect some changes in 
practice in reporting and _ publishing of 
results. As the quantity of data increases it 
may be reasonable to expect that instead of 


including large amounts of tabular material 


many authors will prefer to specify that 
such and such statistical analyses were 
performed using such and such a program 
and that only the following results were 
found to be statistically significant. 

On the other hand, we may expect an 
increased use of the alternative possibility 
of presenting the results of computations 
on an electronic computer in a carefully 
thought out tabular format, so that the 
printout from the machine can be photo- 
graphed and included in the text of the 
report. 

While most of the anticipated changes 
considered here seem to be desirable ones, 
one wonders whether those which are un- 
anticipated will be desirable too. 
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Non-Computational Uses of Digital Com- 
puters,* Bert F. Green, Jr., Massa- 
chusetts Institute of Technology 

Digital computers have been designed to 
carry out numerical calculations, and this 
is the role that is usually assigned to them 
by most engineers, physical scientists, and 
social scientists. However, there is a large 
number of non-computational uses for 
computers. It is the purpose of this paper to 
list some of them and give a brief sketch of 
some actual studies in which computers 
were used in novel ways. 


* The research reported in this paper was sup- 
ported jointly by the Army, Navy, and Ait 


Force, under contract with the Massachusetts | 


Institute of Technology. 
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Many statistical problems in the _be- 
havioral sciences are quite unmanageable 
mathematically because of the complexities 
that must be introduced and the contin- 
gencies that must be cared for. A well- 
known case in point is the work of Bush and 
Mosteller (1955) in their stochastic models 
of the learning process. One way of at- 
tacking such problems is to use the so-called 
Monte Carlo technique (Meyer, 1956) in 
which the stochastic system is run a large 
number of times using random numbers 
generated according to the specifications 
of the model. These runs serve essentially 
as a sequence of. many independent random 
trials, or random instances of the events 
being studied. The properties of the sta- 
tistical model may then be determined 
empirically by this process. The Monte 
Carlo processes are only one step removed 
from computation. In fact, they are to a 
large extent computation, the only ad- 
dition being that the data are self-generated, 
coming from random number generators 
(or more precisely from pseudo-random 
number generators which are based on 
perfectly well specified mathematical for- 
mulas, but generate numbers that pass 
all the tests of randomness). 

A process analogous to the Monte Carlo 
technique has been used to study models 
of nerve net performance such as Hebb’s 
(1949), for instance by Rochester, Holland, 
Haibt and Duda (1956) and more recently 
by Rosenblatt (1958). In these systems large 
numbers of ideal neurons are simulated, 
each neuron having a fairly simple rule to 
determine whether or not it fires at each 
particular time period. Using computers, 
the properties of the nerve-net system can 
be studied under the particular rules about 
the connections among the various neurons 
and the rules for their firing. Such problems 
are very difficult to solve mathematically, 
usually requiring a large number of simpli- 
fying assumptions, and it is very helpful 
tobe able to simulate the whole system ona 
computer. 

Another use of computers that involves 
random number generators is the generation 
of stimuli for experiments in which large 
numbers of random or partially random 
events must be programmed. It is possible 
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to specify a set of rules for the successive 
trials or sequences in an experiment and to 
use a digital computer to pick the items for 
each trial at random, according to the 
specified rules. The computer then simply 
replaces a clerk looking up numbers in a 
random number table and writing down the 
items for the successive trials in the experi- 
ment. The printed lists produced by the 
computer serve instead as the material for 
the experiment. This will. be an economic 
thing to do only if a large number of stimuli 
are required (if, for example, every subject 
must have a different set of stimuli for 
every experimental condition) because, of 
course, there is a considerable initial in- 
vestment in the computer program. 

Other sorts of stimuli may be generated 
by computers in addition to the printed 
lists mentioned above. Special output equip- 
ment is needed to produce these special 
stimuli. Many computers have a cathode 
ray tube as one of their output devices and 
an associated camera so that displays can 
be programmed and photographed. Green, 
Wolf and White (in press) have used this 
device to produce patterns of dots in a 
square matrix in which the pattern is con- 
trolled statistically. They studied the 
discriminability of such statistically-defined 
patterns as a function of various parameters 
of the display. In particular, they specified a 
square matrix of dot positions, 128 by 128, 
and divided this field into eight horizontal 
bands, each containing 16 rows. Alternate 
bands had different probabilities for the 
occurrence of a dot, so that in bands 1, 3, 5, 
and 7 the probability of a dot was p,, and 
in the alternate bands, probability of a 
dot’s occurrence was pe. When p» is suffi- 
ciently different from p;, the display looked 
like a set of horizontal bars, alternately 
light and heavy. The experiments were 
concerned with the extent to which the 
bar pattern can be perceived as the prob- 
abilities are made more and more similar. 
In another experiment, Green (1958) has 
used the same computer output equipment 
to generate movies of rotating three-dimen- 
sional configurations. Movies are made 
frame-by-frame, each frame representing a 
particular two-dimensional projection of the 
hypothetical three-dimensional configura- 
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tion. This configuration is specified simply 
by sets of three coordinates, one set for 
each point or two sets to define the end 
points of a straight line. The coordinates, 
then, may be mathematically rotated to 
correspond with an actual rotation of the 
configuration of dots or straight lines, 
about a point or about an axis. As the 
configuration is rotated from one position 
to the next in small steps, the program 
produces two-dimensional projections at 
each step, and the projections are displayed 
and photographed to provide one frame of 
film. The result is a movie of a set of moving 
dots and straight lines. The dots and lines 
are seen as a single, rigid configuration only 
if they are seen as rotating in three-dimen- 
sion, that is only if the kinetic depth effect 
of Wallach and others applies. 

White (1958) has used a digital computer 
to generate auditory signals. This is ac- 
complished by attaching a loudspeaker to a 
flip-flop in the computer whose contents 
could be programmed. The frequency of 
the tone at the loudspeaker was equal to 
the frequency with which the flip-flop was 
flipped. A fairly simple computer program 
can be written to generate tones. With a 
high-speed digital computer it is possible 
to get tones essentially in the range of the 
piano keyboard and thus to generate tunes 
very simply. White’s problem was to gen- 
erate tunes that had been distorted by 
particular rules about changes in tonal in- 
tervals between successive notes. He dis- 
torted familiar tunes and asked subjects 
to identify the tunes: Many computers have 
the loudspeaker as an integral part of the 
system. It turns out that if the loudspeaker 
is attached to, say, one of the bits in the 
accumulator, then as any particular program 
is run, a distinctive series of sounds will 
be produced. The programmer can learn 
to identify various parts of his program 
and, in fact, can learn to detect trouble this 
way. In particular, if a program is in a 
tight loop the loudspeaker will produce a 
tone of very high frequency so that the 
looping is immediately evident. The loud- 
speaker is a useful device, and it is also 
helpful for demonstration purposes. The 
computers in the Air Force’s SAGE system, 


for example, have a program that allows 
them to play “Off We Go Into the Wild 
Blue Yonder” over their loudspeakers, 
while the RAND Johniac has been pro- 
grammed to play ‘‘The Flight of the Bumble 
Bee.” 

Recently there has been considerable 
interest in the simulation of human cog- 
nitive processes on computers. Computers 
in this case are used in their capacity as 
information processing machines. Very little 
computation is done in general in such 
programs, but a large amount of symbol 
manipulation and a large number of con- 
tingent decisions are characteristic. Self- 
ridge (1955) and Dineen (1955) programmed 
a computer to recognize capital letters 
under a wide variety of conditions; Forgie, 
Groves, and Frick (1958) are working on 
computer programs to recognize human 
speech; Newell, Shaw, and Simon (1957) 
have written programs that prove mathe- 
matical theorems, and a number of people 
have written programs for playing checkers, 
chess, and other games of this variety. 
The interest here is two-fold: in the first 
place, there is considerable commercial 
and military advantage in automata having 
these characteristics, but further there is 
the interest of investigating possible models 
of human performance. Each program, to 
the extent that it is successful, is, de facto, 
a model for human cognitive process in 
that particular situation, as Boring (1946) 
has so lucidly pointed out twelve years ago. 
In fact, it is perfectly possible to have a 
number of different computer programs all 
of which are models of human performance 
in a given situation and to compare them 
with each other and with actual human 
performance to determine the extent to 
which the models are useful. It seems likely 
that these data processing models, as they 
might be called, will provide a technique 
for studying problem solving and decision 
making in humans that will allow con- 
siderable scientific progress to be made in 
these areas which have, up to now, met with 
only sporadic achievement. 

There seems to be no limit to the variety 
of ways in which computers can be used in 
furthering psychological research. Each 
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person, as he learns about computers, has 
new ideas about ways in which they can be 
used. This article has merely surveyed 
those uses that actually have been made in 
the few years that social scientists have been 
using digital computers. The only safe 
forecast that can be made is that these 
methods will be used in many other in- 
stances, and that new methods will be used 
in future social science applications for 
digital computers. 
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Some Remarks on Linear Programming, 
Bernard A. Galler, The University of 
Michigan 


The most probable reason for the very 
rapid success of linear programming in 
recent years is the wide range of applica- 
tions which are possible. From the distribu- 
tion of products and the scheduling of 
production to the blending of gasolines or 
the preparation of sausage; from assignment 
of Air Force personnel to flight crews to 
designing telephone communications net- 
works and slicing rolls of paper, the variety 
makes this mathematical tool immediately 
capture the imagination. Invariably, after 
the first hour or two of a linear program- 
ming course, someone will approach the 
instructor saying, “I wonder if this wouldn’t 
fit my problem.” 

The reason for this wide applicability lies 
in the existence of a formal mathematical 
model, together with several excellent com- 
puter programs to do the computations 
needed for the solution. The following is a 
typical application, except for the size of 
the problem. From it we can easily con- 
struct the model. 

Suppose that on the basis of a battery of 
test scores the acceptable applicants for 
certain positions in an organization have 
been classified into three groups, A;, A2, 
and A;, containing 60, 100, and 40 people, 
respectively. There are four job classifica- 
tions, J;, Je, J3, and J,, with openings 
for 70, 80, 30, and 30 people, respectively. 
(It is clear that 200 people cannot fill 210 
jobs, but we could, if we wish, postulate the 
existence of 10 more fictitious people [group 
A,] who make miserable grades on all 4 
tests. They would be the last to be assigned 
to anything. We shall not use A,, so as to 
illustrate how one can get along without 
it.) 

Let us suppose that the mean test scores 
ti; of each group for each position are given 
by the following table. The number avail- 
able in each group is indicated in the left 
margin, and the number of openings for 
each position is indicated above the table. 








70 80 30 30 
J 1 J 2 J 3 J 4 

60 A,| 75 60 90 40 | 
100 A: | 80 80 63 92 
40 A;| 45 93 81 74 











Let us now restate the supply and de- 
mand conditions that have to be satisfied 
in the form of algebraic statements. We 
shall denote by 2z;,. the number of people in 
group A; to be assigned to job J;. The 
conditions of the. problem then become: 


In + 2%u.+%3 + 2%u < 60 
Xn + Xe + To3 + tau < 100 
Yn + 2% +t +2tu < 40 


(1) 
tn + t+ La > 
X12 + Leo + Te < 80 
X13 + X23 + 733 < 30 
Xu t+ Xa + Tas < 30 
tu > 0,22 > 0, +++ , 3 > O 


(In this problem, we would also ask that 
the solution contain only integers, although 
in other applications this may not be neces- 
sary.) The first three inequalities express 
the requirement that the number of people 
available for all jobs from group A; cannot 
exceed 60, the number from A, cannot 
exceed 100, and so on. The last four in- 
equalities require that the number of people 
assigned to job J; from all groups cannot 
exceed 70, and so on. 

There are many solutions to these. “‘feasi- 
bility conditions.” One solution would be 
Zn = 60, x2 = 80, x23 = 20, 233 = 10, 
zu = 30, with all other z;; = 0. Another 
“feasible solution” is obtained by putting 
all x;; = 0! It is clear that some criterion is 
needed in order to discriminate between 
the many possible solutions and thereby 
select one. It is also clear that we have 
not yet made use of all the information 
available to us. Certainly the test scores 
can serve to pick out some combination of 
assignments which can do the most good 
for the organization. For instance, how 
many of the 40 individuals from A; can be 
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assigned to Jz needing 80 men (where they 
fit best) and still fill the other jobs? 

The criterion usually chosen in such 
problems is the maximization (in some 
applications—minimization) of the total 
scores; i.e., if 


S = 752i -f 60zx12 + 90x13 + 40x14 
+ 8022) + 8022 + 6323+ 92205 
+ 45231 + 93x32 + 80233 + 742035 , 


then we shall choose that solution of (1) 
which maximizes S. 

An actual solution for this problem 
(found on the IBM 704) is a, = 30, 2; = 
30, X21 = 40, 222 = 30, rx = 30, with other 
xij = 0. (Note that J2 is not filled to ¢a- 
pacity.) Another solution is 21 = 30, 
3 = 30, tq = 30, wy = 40, m4 = 30, with 
other x;; = 0. In each case the total score 
S = 17,030. There are many other solu- 
tions, equally good from the point of view 
of maximizing S. 

We can now describe the formal mathe- 
matical model to which we referred above. 
The problem may be stated quite simply 
as: Find a non-negative solution to a set of 
linear inequalities 


Dd aijti <b; 


i=l 


(2) j = 1,2,---,m 


which maximizes a linear form 


S pa > Cai. 


i=] 


(The c; here are the #;; in our example 
problem above.) 

It should be pointed out that arbitrary 
coefficients (the a,,) are allowed in (2), 
although our example involved only 0 and 
1 as coefficients. Sometimes the system (2) 
is converted to a system of equations by. 
the introduction of so-called “‘slack’’ vari- 
ables, defined by the equations 


n 
nes = bj) — De ais, j= 1,2,--+,m 
i= 


Thus, the first inequality in (1) could be 
written as an equation 


Xun + te + X13 + Tu + AL = 60, 
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where A; would represent the number of 
people in group A; that would not be as- 
signed at all. With these variables, also 
subject to the conditions 


Inui > O,-:- 


the system (2) becomes 


’ Tn+m f= 0, 


» ener ss j= 1,2,---,m 
i=] 


ee k= 


This is sometimes taken as the standard 
model also. - 

The computational method used to solve 
such problems on most computers is called 
the ‘simplex method.” This method has a 
natural geometric interpretation, which can 
be illustrated by a simple example: 

Maximize the form S = 24x + 12y sub- 
ject to the feasibility conditions 


(8x +y < 18 
(3) xr+2y <6 
25920 — 


Each of the inequalities divides the z, 
y-plane into two half-planes, hence the 
shaded area in Figure 1 represents the col- 
lection of all feasible solutions of (3). 

The dotted lines represent lines along 
which S is constant. It is clear from the 
geometry that the maximum value of S for 
a feasible solution occurs at the vertex 
formed by the intersection of the first two 
inequalities, in this case (2, 2). The simplex 
method searches for the appropriate vertex 
by finding some vertex and _ successively 
improving this choice by moving along an 
edge of the shaded region in the direction 
of greatest gain in S. The mathematics in- 
volved is more complicated than this simple 
example would show, but is quite straight- 
forward (Charnes, Cooper, & Henderson, 
1953). As one would expect, there are 
methods available for solving several im- 
portant special cases of the linear program- 
ming problems which are better for those 
cases than the simplex method, but the 
latter is the best overall method presently 
available (Dwyer & Galler, 1957; Galler 
& Dwyer, 1957). 


1,2,---,n+m 
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With such a simple mathematical model, 
it is now clear why there are so many dif- 
ferent applications of linear programming. 
There is one danger, however, in the use 
of this technique. It is rather rare that one 
finds a real problem which can be stated 
exactly in terms of the linear programming 
model. In most cases, some simplification 
of the conditions under which the problem 
arises is needed. The danger is that the 
simplified problem (which can be solved 
easily) will be taken for the original problem 
and the solution used blindly. 

For example, a manufacturer recently 
found that the machine solution to his 
blending-of-gasolines problem required dis- 
continuing his highest grade of gasoline! 
Rather than lose his market, he decided 
not to produce at absolute minimum cost, 
but to produce all of his grades of gasoline. 
It is clear that the problem the computer 
had solved for him was an oversimplifica- 
tion of the real problem because he had not 
incorporated all the features of the market. 
With proper appreciation of this danger, 
however, linear programming can be a 
very useful tool as may be seen from the 
extensive list of references in Gass (1958) on 
applications of linear programming. 
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People, Places, Programs 


Dr. Benjamin W. White, a staff member 
at the MIT Lincoln Laboratory, presented 
a paper at the APA meetings in September 
entitled “The Recognition of Distorted 
Melodies,” in which the melodies were 
distorted and 
high-speed digital computer. The computer 
was specially wired with a loudspeaker 


attached to one of the bits in a special 
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register in the arithmetic element so that 
the frequency with which this bit changed 
from one to zero and back again determined 
the frequency of the sound at the loud- 
speaker. This sound was tape-recorded for 
presentation in the experiment. The com- 
puter was programmed to take ten well- 
known, simple tunes, such as the Star 
Spangled Banner, Yankee Doodle, On 
Top of Old Smoky, and so on, to distort 
them in specified ways and to produce the 
distorted tunes for recording. The experi- 
mental question was the recognizability of 
various distortions of these tunes. As part 
of his presentation, Dr. White played a 
tape recording of one of the distorted 
melodies. Many of the listeners were able 
to recognize the Star Spangled Banner, 
with its tonal intervals doubled. The digital 
computer had a distinctive quality unlike 
any muscial instrument, perhaps more like 
a pipe organ than anything else. 

At a recent meeting of the Acoustical 
Society, papers were read by Carma Forgie 
and James Forgie describing their work, 
with Dr. Frederick C. Frick, at the MIT 
Lincoln Laboratory, on a computer program 
to recognize speech automatically. The com- 
puter was provided with a record of the 
speech wave by means of a tape recorder 
play-back attached to some initial filter 
equipment and then sent through an analog- 
to-digital converter. 

A fairly simple program was able to 
recognize the spoken digits, that is, zero 
through nine, with nearly perfect accuracy 
when the digits were spoken by ten different 
speakers. This is a significant improvement 
over other speech recognition schemes, 
which have in the past been able to recognize 
words spoken by a particular individual, 
but which were fairly sensitive to the 
speaker and not easily transferable from 
one speaker to another. The work is con- 
tinuing with a much larger vocabulary on a 


-much larger computing machine at the MIT 


Lincoln Laboratory. 

This past summer the SSRC sponsored a 
seminar held at the RAND Corporation in 
Santa Monica, California, concerned with 
the simulation of cognitive processes. 
The seminar was led by Herbert Simon, 
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Allen Newell, J. C. Shaw, and their co- 
workers, and had the dual purpose of 
explaining the Newell and Simon approach 
to the computer simulation of cognitive 
processes, and also explaining a special 
computer language that they have de- 
veloped in the process of their work. This 
language, called IPL (Information Proc- 
essing Language), is specially designed to 
manipulate symbols and to do operations 
with lists of symbols. It is essentially an 
information processing language as opposed 
to a computation language for a computer. 
With this language, it turns out to be 
fairly simple to simulate a wide variety of 
human cognitive processes. A group of 
about 20 social scientists participated in 
small group projects during the course of 
the seminar and by the end of the third 
week had succeeded in writing several com- 
puter programs to simulate a variety of 
processes, including concept formation, 
stimulus discrimination, and attitude change. 
At the same time Newell and Simon were 
trying to make their computer play a half- 
way decent game of chess using IPL. 

IPL is an interpretive computer system 
and, at the moment, is available only for 
the RAND Johniac computer. It is cur- 
rently being programmed by the Carnegie 
group for the IBM 650 and the IBM 704 
computers. These versions of IPL will 
probably be ready sometime this fall or 
winter. 

The Varimax method of factor rotation, 
developed by H. F. Kaiser of the University 
of Illinois, has been programmed for the 
IBM 650 by Steven G. Vandenberg and Don- 
ald Lamphiear of the University of Michigan. 
This program has four options, computing 
either “raw” or ‘normalized’ Quartimax 
or Varimax rotations. The program capacity 
is 953 elements in the original factor matrix, 
999 locations for the original matrix plus 
the communalities (number of variables). 
Index accumulators are the only special 
equipment required. Computation is in 
fixed point arithmetic. The program deck is 
on 5-word load cards. Anyone desiring a 
copy of the program and operating in- 
structions should write to Mrs. Lillian 
Kelly, Mental Health Research Institute, 
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The University of Michigan, Ann Arbor, 
Michigan. 

Bert F. Green, Jr., a staff member at the 
MIT Lincoln Laboratory, presented a paper 
at the APA meetings in which a digital 
computer played a significant role. The 
paper was entitled “Some Conditions for 
the Occurrence of the Kinetic Depth Ef- 
fect.”” It described an investigation of 
visual depth perception in which the stimuli 
used in the experiment were motion picture 
films obtained by frame-by-frame pho- 
tography of a cathode-ray tube that was 
the output of a high-speed digital computer. 
The computer was programmed to paint 
the desired display on the CRT and also 
to photograph this display automatically by 
actuating an automatic camera. In Green’s 
study, the displays were two-dimensional 
projections of three-dimensional configura- 
tions of either dots or straight line seg- 
ments. The three-dimensional configurations 
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were rotated mathematically by calculations 
in the computer program, and the two. 
dimensional projections were then computed 
and displayed on the CRT for photo. 
graphing. The result, then, was a succession 
of frames showing successive two-dimen- 
sional projections of three-dimensional con- 
figurations as the configuration was rotated, 
The experimental question was the extent 
to which such stimuli gave rise to actual 
perception of depth, i.e., perception of a 
rigid three-dimensional object moving in 
three dimensions. 

The 11th annual conference of electrical 
techniques in medicine and biology was 
held in Minneapolis, Minnesota, November 
19-21, 1958. The conference was sponsored 
jointly by the IRE, AIEE, and the In- 
strument Society of America. The theme 
of the conference was “Biology and Com- 
puters.’’ Some sessions were devoted to the 
analysis of EEG’s and EKG’s on computers. 


An article by Hans H. Strupp entitled ““The Psychotherapist’s 
Contribution to the Treatment Process,’’ which appeared in 
Behavioral Science, 1958, 3, 34-67, has received honorable mention 
by the Hofheimer Prize Committee of the American Psychiatric 
Association. This award is made annually for an outstanding 
research contribution relevant to psychiatry. 
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ABSTRACTS OF CURRENT LITERATURE WITH INTERDISCIPLINARY 
IMPLICATIONS 


Lacey, J. I. aNnp Lacey, Beatrice. The 
relationship of resting autonomic 
activity to motor impulsivity. In 
Ass. Res. Nerv. Ment. Dis., The 
Brain and Human Behavior. Balti- 
more: Williams and Wilkins, Vol. 36, 
pp. 144-209, 1958. 

In this article, the Laceys have con- 
tinued their conceptual and_ empirical 
search for the correlates of autonomic 
function to psychological variables. They 
suggest a different measure of autonomic 
activity; neither level of autonomic tonus 
nor autonomic reactions to environmental 
stimuli, but rather fluctuations in spon- 
taneous autonomic activity. As far as they 
can determine, these oscillations in GSR 
and heart rate are not related to the activity 
level of these two responses. Surprisingly 
enough they are also not dependent on 
controlled external stimuli or on the in- 
dividual’s emotional mood. These non- 
specifically induced bursts of spontaneous 
activity were found to be reliable for each 
individual when at rest, which leads the 
authors to conclude that these fluctuations 
reflect a personality trait of the individual. 
This characteristic trait is the individual’s 
ability to respond to demands placed upon 
him by the environment. The underlying 
theory is that the fluctuations in autonomic 
activity reflect the operation of an energy 
mobilizing system, whose outputs serve as 
regulating and controlling stimuli to cortical 
and subcortical areas—thus playing a role 
in all behavior. 

The Laceys review pertinent neuro- 
physiological findings to gain support for 
their theory. First they examine the evi- 
dence that autonomic activity contributes 
to cortical arousal or excitation level, 
probably by way of the brain stem reticular 
formation. Then they discuss findings which 
relate autonomic responses to somatic 
muscular responses, to show that the 
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autonomic system plays an important part 
in the excitation levels of the motor system, 
as well as cortical and subcortical areas. 
If so, then the operation of this system 
should have a predictive value for such 
psychological variables as hyperkinesia and 
susceptibility to environmental stimuli. 

Empirically the Laceys have experienced 
some difficulty in building this theory. They 
have found inconsistent results across their 
two experiments relating these bursts of 
autonomic activity while resting and while 
performing a task. Another inconsistent 
result was found in relating these auto- 
nomic fluctuations to measures of successful 
performance on the McKinney test. While 
the non-specific autonomic responses meas- 
ured during a stimulus-generalization test 
were not related to number of impulsive or 
erroneous responses, at least the fluctuations 
measured while the subject was resting 
did bear a relationship to these erroneous 
responses. Since this resting activity also 
was related to the degree of an individual’s 
readiness to respond over different length 
foreperiods, the Laceys felt this finding did 
give some support to their theory. 

The relationship of fluctuations in auto- 
nomic activity to psychological variables 
remains the weakest part of their theory at 
the present time. Their failures to find 
more consistent relationships between their 
logical performance, may be due, as they 
postulate, to artifactual problems in their 
present technique of measurement. (FH) 


Luyn, H. P. The automatic creation of 
literature abstracts. JBM J. Res. 
Develpm., 1958, 2, 159-165. 

Making abstracts of published papers 
available to scientists has become a pressing 
problem in recent years, made more serious 
every day by the continuously increasing 
output of technical literature. The auto- 
matic creation of literature abstracts has 
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been considered recently as a_ possible 
solution, and its feasibility has been studied 
in some exploratory research at IBM. 

The text to be abstracted, having been 
converted into its machine-readable form, 
is scanned by an IBM 704 data-processing 
machine and analyzed in accordance with a 
standard program. The end-product is an 
auto-abstract, formed of sentences selected 
from the text on the basis of their “sig- 
nificance.”” The significance of a sentence is 
derived from an analysis of the “‘significant’’ 
words in the article and their relative 
position within the sentence. This is accom- 
plished by first taking an inventory of all 
words in the article and by compiling a 
list of them in descending order of fre- 
quency. Cut-off lines are then established 
at the two ends of the list, one to eliminate 
the too frequent words (which would con- 
stitute “noise” in the system), and the 
other to eliminate words which do not reach a 
certain minimum level of frequency. The 
remaining words are considered “signifi- 
cant.” Clusters of these words are located 
within the article, and a “significance 
factor” is computed, which reflects both the 
number of occurrences of significant words 
within a sentence and the linear distance 
between them due to the interposition 
of non-significant words. One or several of 
the sentences ranking highest in significance 
factor may then be selected to serve as the 
auto-abstract. 

Although such machine-made abstracts 
might lack in sophistication, they would 
have the advantage of achieving a much 
higher consistency and objectivity than 
their man-made counterparts. Possible ways 
of adapting the method to the requirements 
of different users and types of literature 
are discussed, and two articles with their 
auto-abstracts are presented for illustration. 


(RT) 


Miter, G. A. AND NEwMaAN, E. B. Tests 
of a statistical explanation of the 
rank-frequency relation for words 
in written English. Amer. J. Psychol., 
1958, 71, 209-218. 

In 1953, Mandelbrot proposed a statistical 
explanation of the well-known Zipf rank- 
frequency relation of words (B. Mandel- 
brot. “An informational theory of statistical 
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structure of language’? in Communication 
Theory [Willis Jackson, Ed.], New York: 
Academic Press, 1953). The argument was 
that this relation is produced by an es. 
sentially random process generating words 
of different lengths: the longer the word, 
the less the probability of occurrence. The 


present authors point out and test two | 


consequences of the Mandelbrot formulation, 
They are, “(1) the function relating the 
expected frequency of words of a given 
length to their average rank with respect to 
increasing length should be roughly equiva- 
lent to the function relating the frequency 
of a word to its rank with respect to de- 
creasing frequency; and (2) the rank- 
frequency relation should not be affected 
by the decision to segment on some other 
symbol, such as £, instead of on the space 
[between words].”’ 

These hypotheses were tested on samples 
from the Bible, a book by William James, 
and a department in the Atlantic Monthly 
in 1957. The results for the three samples 
were so much alike that further discussion 
is in terms of the combined sample of 
36,253 words. 

Curves are plotted for the rank-frequency 
relation, and for the average frequency asa 
function of rank with respect to increasing 
length of words, measured in letters be- 
tween spaces. The hypothesis of equivalence 
of these functions is clearly supported for 
words of two to six letters. One-letter words 
are of lower frequency than expected and 
words of seven or more letters are too in- 
frequent in the sample to behave stably. 

The same two curves are plotted for 
words bounded by F. Here the two fune- 
tions are even closer than with words de- 
fined by spaces. English grammar seems to 
place more restraints on the occurrence of 
the space than on the occurrence of £. 

The authors “conclude from these tests 
that Mandelbrot’s stochastic model is 4 
good predictor of the general trends in 
word-frequencies even though it is ob- 
viously incorrect in its detailed predictions 
about particular words.... We assume 
that the model is simply incomplete and 
would need to be supplemented by many 
other more specific rules to account fot 
specific exceptions to the general trend.” 


(AH) 
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NEWELL, A., SHaw, J. C., AnD Soon, H. A. 
Elements of a theory of human prob- 
lem solving. Psychol. Rev., 1958, 65, 
151-166. 

An information process model is used for 
formulating significant questions concern- 
ing the problem solving process and for 
specifying the operations required to test 
these questions. In the latter respect it is 
pointed out that a thoroughly operational 
theory of problem solving is possible in that 
a digital computer can be built which is an 
exact “mechanical” equivalent of the 
problem solving process specified by the 
theory. Further, by showing that the in- 
formation processes advanced, when opera- 
tionalized, produce a_ problem = solving 
mechanism with many of the same char- 
acteristics possessed by the human problem- 
solving mechanism, the authors feel that 
they have both a theoretical model and an 
experimental apparatus capable of bringing 
about a considerable advance in our under- 
standing of human problem solving. The 
authors point out that they are not com- 
paring computer structures with brains; 
they do not speculate in detail about the 
electro-chemical nature of the human brain 
other than to point out that their theory 
would lead them to a picture of the central 
nervous system considerably less passive 
than that envisioned by the associationists. 

As to the details of the theory, the authors 
state that theirs is a theory of the organism’s 
control system rather than of the effector 
or receptor systems. Postulated are (1) a 
control system (i.e. a number of memories 
containing symbolized information which 
are interconnected by various ordering 
relations), (2) a number of primitive in- 
formation processes which operate on the 
memories, and (3) a set of rules for com- 
bining these processes into whole programs. 
It is pointed out that a program is a specific 
theory of behavior, describing the organism 
in a class of situations. 

The experimental apparatus, a digital 
computer, is an information processing 
program for discovering proofs for theorems 
(also called the Logic Theorist, or LT). 

The specific program is described as 
follows. (1) The LT has the ability to read 
and write expressions in symbolic logic; 
and (2) it has general schemes for finding 
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proofs. The schemes consist of a set of rules 
of inference and methods for applying the 
rules. Examination of the LT’s performance 
showed it to be comparable to the human 
problem solving process, e.g. it demon- 
strated the presence of “set,” and it evi- 
denced the principle of reinforcement. 

The experiment consisted of storing the 
axioms of Principia Mathematica, together 
with a program, in LT. Following this, the 
first fifty-two theorems in Chapter 2 of 
Principia Mathematica were presented for 
solution. The findings: (1) LT solved 
thirty-eight theorems; (2) there was a 
strong relationship between time to-solution 
and the length of the required proof; (3) 
when the LT was not allowed to store 
theorems it had already proven in its mem- 
ory, it was unable to find a proof for a 
theorem which previously it had solved in 
ten seconds; and (4) in an intermedidte 
condition when some theorems were ad- 
mitted into the LT’s memory, solution of 
the particular theorem was reached in 
fifteen minutes, as opposed to ten seconds 
in the control condition (in this condition the 
proof could be made in three steps as op- 
posed to one step for the control condi- 
tion). (JWG) 


Cuomsky, N. AND MuItier, G. A. Finite 
state languages. IJnformation and 
Control, 1958, 1, 91-112. 

A finite state language is a finite or 
infinite set of strings (sentences) of symbols 
(words) generated by a finite set of rules 
(the grammar), where each rule specifies 
the state of the system in which it can be 
applied, the symbol which is generated, and 
the state of the system after the rule is 
applied. A number of equivalent descrip- 
tions of finite state languages are explored. 
A simple structural characterization theorem 
for finite state languages is established, 
based on the cyclical structure of the 
grammar. It is shown that the complement 
of any finite state language formed on a 
given vocabulary is a finite state language; 
i.e., the set of all finite state languages that 
can be formed on a given vocabulary is a 
Boolean algebra. Procedures for calculating 
the number of grammatical strings of any 
given length are also described. (Authors’ 
abstract) 
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Richard M. Cyert (‘“‘Models in a Behavioral 
Theory of the Firm’’) reports his present re- 
search interests as “developing micro models of 
decision-making behavior on economic problems. 
In this research I utilize organizational and psy- 
chological theory and the computer as a simula- 
tion device.” He is the author of a book on sam- 
pling theory and its relations to accounting as 
well a3 numerous articles in economic, statistical, 
accounting, and management journals. The re- 
cipient of a B. S. degree from the University of 
Minnesota and a Ph. D. degree from Columbia 
University, he is now an associate professor of 
economics and industrial administration in the 
Graduate School of Industrial Administration, 
Carnegie Institute of Technology. 


Edward A. Feigenbaum (‘‘Models in a Be- 
havioral Theory of the Firm’’) is a research fellow 
in the Graduate School of Industrial Administra- 
tion, Carnegie Institute of Technology, where he 
received his B. 8. degree in 1956. He is interested 
in studies of human verbal learning, human 
problem-solving, and human decision making, 
using computer simulation as a technique in the 
construction of models of behavior in these areas. 
He adds “‘As a tangent to my interests in models 
of human cognition, I am also concerned with the 
artificial intelligence problem; and in particular, 
at present, the design of information-processing 
languages for digital computers.” He is the author 
of two articles connected with the behavioral 
theory of the firm project at Carnegie Institute 
of Technology. 


Raymond G. Hunt (‘‘Socio-Cultural Factors 
in Mental Disorder’), assistant professor of psy- 
chology at Washington University, received his 
B. A. degree (1952) and his Ph. D. degree (1958) 
from the University of Buffalo. His present re- 
search interests center on the social psychology 
of deviant behavior and verbal learning and lan- 
guage behavior. He writes that “in the course of 
being concerned with possible factors involved in 
the etiology and/or exacerbation of abnormal 
behavior an interest in the possible relations be- 
tween such behavior and socio-cultural factors 
came naturally,” with ‘‘an equally strong interest 
in the social implications of deviant behavior.” 
He adds that “his thinking in this area has been 
much influenced by the writings of Robert 
Merton, especially his emphasis upon relations 
between deviant behavior and characteristics of 


social behavior.” He is the author of several 
articles in such journals as The Journal of Experi. 
mental Psychology and Sociology and Social Re. 
search. 


Jaines G. March (‘‘Models in a Behavioral] 
Theory of the Firm’’) comments that this article 
is part of the behavioral theory of the firm project 
in the Graduate School of Industrial Administra- 
tion of Carnegie Institute of Technology where 
he is an associate professor of industrial adminis- 
tration. Other papers published in the project 
include: Cyert & March, “Organizational Strue- 
ture and Pricing Behavior in an Oligopolistic 
Market,”’ American Economic Review, 1955, 45, 
129-139; Cyert & March, “Organizational Fac- 
tors in the Theory of Oligopoly,” Quarterly 
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Dill, & March, “The Role of Expectations in 
Business Decision-Making,’ Administrative Sci- 
ence Quarterly, December, 1958. In addition to 
these and other articles, he is the author, with 
H. A. Simon, of a new book entitled Organizations. 
He received his undergraduate education at The 
University of Wisconsin and his M. A. and Ph. D. 
degrees from Yale University and is at present 
interested in research on the behavioral theory 
of the firm, organization theory and _ influence 
theory. 


J. Roland Pennock (‘‘Federal and Unitary 
Government—Disharmony and _ Frustration”) 
writes that “Although I call myself a political 
theorist, my emphasis is on the contemporary 
scene and I like to use theory as a base from which 
to make forays into the territory of empirical 
researchers, as in the case of the present article 
and also “Party and Constituency in Postwar 
Agricultural Price-Support Legislation’, J. 
Politics, 1956, 18, 167-210. I am currently en- 
gaged in mining other bits from a year’s research 
on agricultural politics in Britain and America.” 
He received his A. B. degree from Swarthmore, 
his Ph.D. from Harvard, and is at present chair- 
man of the department of political science at 
Swarthmore. He has contributed articles to 
several journals, among them The American 
Political Science Review, and is the author of two 
books, Administration and the Rule of Law and 
Liberal Democracy—its Merits and Prospects. He 
adds “I was prompted to write the present article 
by reading the Riker and Schaps article (Be- 
havioral Science, 1957, 2, 276-290) after Dr. 
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Riker kindly sent me a reprint of it. His writing 
always stimulates me, even if only (and it is not 
only) in disagreement!” 


William H. Riker (‘‘A Test of the Adequacy 
of the Power Index’’), professor of government 
at Lawrence College, received his A.B. from 
DePauw University and his Ph.D. from Harvard 
University. He is especially interested in making 
contributions to the theory of coalitions. In ad- 
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States (1958). 


Thornton B. Roby (‘“The Mechanics of En- 
vironmental Adjustment’’) received his BS. 
degree from Trinity College, his M.A. from 
Wesleyan University, and his Ph.D. from Yale 
University. Now an associate professor and re- 
search associate at Tufts University, he is the 
author of various articles on learning theory and 


small group behavior which have appeared in the 
psychological journals, the USAF AFPTRC 
Technical Bulletin series and in Behavioral 
Science. His present research includes an ONR 
contract on “Communication Processes in Task 
Oriented Groups.” 


S. M. Hafeez Zaidi (Reviewer of “Psycho- 
logical Stress: Psychoanalytic and Behavioral 
Studies of Surgical Patients”) is a social psy- 
chologist to the Academy for Village Develop- 
ment Comilla, East Pakistan and has been a 
lecturer in psychology for eight years at the Uni- 
versity of Dacca, East Pakistan. He obtained 
his Ph.D. degree from the University of London 
in 1955 and worked with Professor R. W. Russell 
on reactions to stress as a function of the level 
of intelligence. He has published about a dozen 
papers in Pakistan, India, Japan and the United 
States and at present is participating in the 
Ford Foundation program on East Pakistan 
at Michigan State University. 


When I was a young man, I studied Anaxagoras’ book in physics. 
He would have me believe that I am sitting in this crouched posi- 
tion on my cot because of the tension of the tendons over my 
joints. What Anaxagoras doesn’t seem to know is that I sit here 
because I will not break the law of Athens. The people have con- 
demned me to drink the hemlock. As a man of honor, I will not 


creep stealthily away. 


§ 
—P.ato, The Phaedo 
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Why the insights of Experimental Psy- 
chologists count for so much at Gen- 
eral Electric's Heavy Military Elec- 
tronics Department... 


Systems in development at Heavy Military Electronics 
Department encompass mission parameters of great 
multiplicity and diversity. A single program may en- 
visage the coordinated functioning of far-flung Data 
Gathering, Data Processing, and Communications Ele- 
ments. In systems of such complex character, experience 
here has repeatedly demonstrated the value of investi- 
gating and controlling in depth the interaction of man- 
machine-environment relationships. 

The Human Factors Group works closely with engineer- 
ing contributors, exercising a vital influence on the de- 
sign of systems and equipments. Experimental Psychol- 
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ogists here shape basic concepts at all points where 
Human Factors impinge—whether in regard to operator 
vs. machine capabilities, data flow, or personnel selec- 
tion and training. The Experimental Psychologist at 
Heavy Military knows the stimulation of extremely 
diverse problems, combined with professional responsi- 
bility for decisions of far-reaching consequence. 


Senior Positions Open Now In: 


Systems Philosophy « Data Flow e Design e Component 
Development Evaluation ¢ Simulation ¢ Personnel Se- 
lection and Training 

Inquiries are invited from Experimental Psychologists 
with broad backgrounds in systems development from 
the standpoint of Human Factors. A PhD degree is pre- 
ferred. Familiarity with engineering concepts in elec- 
tronics and/or with military operations problems is 
highly desirable. Write in confidence to: Mr. George B. 
Callender, Dept. 79-QD. 


HEAVY MILITARY ELECTRONICS DEPARTMENT 


GENERAL 





ELECTRIC 


Court Street, Syracuse, N.Y. 
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Macmillan talks to Khrushchev. Eisenhower talks to DeGaulle. Can the 
nations’ representatives be better trained for such vital meetings? Just as 
“generals” compete in simulated war games, can “chiefs of state” and 
“foreign ministers” learn their skills from similar games among nations? 
Alliances, international parleys, governmental conferences, and internal de- 
cisions all are part of the simulation techniques suggested below. Exciting 
possibilities for the development of international relations theory and train- 


ing are in the offing. 


A USE OF SIMULATION IN THE STUDY OF INTER-NATION 


RELATIONS 


by Harold Guetzkow 


Northwestern University 


VENTS, as recorded in all their variety in 
historical and contemporary documents, 
are the usual basis for the development of 
theory about relations among nations. These 
international events our theory must ex- 
plain, and these events we eventually hope to 
predict. Such theory building—consisting of 
the development of adequate concepts and 
the relations of these concepts to each other 
in propositions—must encompass the welter 
of facts from life situations. Our theories of 
international relations—be they implicit or 
explicit—are the stuff from which we com- 
pose our policies, and write our newspapers 
and textbooks. This essay describes an initial 
effort to utilize simulation techniques as 
complementary means both for the develop- 
ment of theory and for instructional pur- 
poses.! 

1 Early plans for the simulation were thought 
through during my stay at the Center for Ad- 
vanced Study in the Behavioral Sciences. The 
three exploratory runs reported in this paper were 
supported in 1957-58 by funds from the Carnegie 
Corporation of New York. My colleagues and stu- 
dents at Northwestern made many suggestions 
during the seminars devoted to the formulation of 
these runs. Professoxs*Richard C. Snyder, George 
I. Blanksten, and R. Barry Farrell personally 
participated in the early trial run. Mr. Denis A. 
Sullivan shared sqme of the preliminary results 
from his inventory of.propositions in international 
relations, which further helped guide my selection 
of key variables. Bu@ above all, full credit must go 
to Mr. Robert C. Noel for developing the mechan- 
ics of the simulation in a most creative way, never 
allowing theoretical objectives to be swamped by 
practical necessities. 
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Simulation is an operating representation 
of central features of reality. Simulations 
may take the form of war games, of pilot 
chemical plants, of ship-and-harbor scale 
models, of computer-inventory systems. 
There are a multitude of such representations 
(Malcolm, 1958). Will a social simulation of 
inter-nation relations prove to be of value 
as a heuristic device for theory development 
in international relations research? May in- 
ter-nation simulation be arranged to allow 
live participants to play component units for 
training purposes? Three exploratory runs 
of an inter-nation simulation in the labora- 
tory of the Program of Graduate Training 
and Research in International Relations at 
Northwestern University in 1957-58 sug- 
gest that simulation technique may be useful 
for purposes of both research and training. 


BACKGROUND FOR SIMULATION 


The efforts in simulation at Northwestern 
were stimulated by two streams of intellec- 
tual endeavor, one represented in the war 
game and the other deriving from the social 
psychological group experiment. 

The war game has been in existence for 
many centuries. During the 19th century it 
flowered in the “rigid” game, in which com- 
plicated problems were played by military 
decision-makers with outcomes determined 
by elaborate rule books. During the latter 
part of the 19th century, the “free’’ game 
was reinstated, in which the game “director,” 
a battle-experienced military officer, deter- 
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mined the outcomes of plays on the basis of 
his judgment. Participants in World War I 
and II employed the war game as a training 
device—and in World War II, the device 
was used extensively as a quasi-research tool, 
for prediction of the outcome of military ef- 
forts, such as the Battle of Midway and the 
invasion of the Ukraine. After World War II 
the development of the war game continued, 
returning to more rigid forms with the cum- 
bersome rule book being replaced by the 
lightning-swift programmed computer. From 
the point of view of the student of interna- 
tional relations, the flowering of a RAND 
Corporation effort—the military-political 
game, COLD WAR, as developed by its 
Division of Mathematics and the POLITI- 
CAL EXERCISE, as initiated by Gold- 
hamer and developed in its Division of 
Social Science (Goldsen, 1956)—is most use- 
ful.? 

The immediate impetus for explorations 
in simulation came from the author’s work 
in the social psychology of groups. Since the 
1930s, experimental psychologists and soci- 
ologists have developed face-to-face groups 
in laboratories to test theories of group in- 
teraction (Cartwright and Zander, 1953; 
Hare, Bc -gatta, & Bales, 1955). This work 
with contrived face-to-face groups has been 
elaborated in the laboratory study of or- 
ganizations with component pa”. at both 
the Graduate School of Industri: ' © iminis- 
tration at Carnegie Institute of Technology 
(Guetzkow and Bowes, 1957) and at Case 
Institute of Technology. An inter-nation 
simulation may be thought of as another 
step in the construction of social systems, 
the contriving of an inter-organizational sys- 
tem. 

But the deeper source for this work is 
found in the developments in decision-mak- 
ing, as exemplified in the work of Simon and 
Snyder. Simon and his colleagues developed 


2 We are most grateful to RAND personnel for 
the many courtesies extended during our visits to 
Santa Monica and Washington. Drs. John Ken- 
nedy, Robert Chapman, Olaf Helmer, Lloyd 
Shapley, and Milton Weiner shared their experi- 
ence in developing the COLD WAR game; Drs. 
Hans Speier and Joseph Goldsen allowed us many 
hours for discussion of their POLITICAL EXER- 
CISE. 


their interests in decision-making from the 
perspective of public and, later, private ad. 
ministration (Simon, Smithburg, & Thomp. 
son, 1950; March, & Simon, with Guetzkow, 
1958). Snyder and his colleagues developed 
their ideas from the perspective of decision- 
making in foreign politics (Snyder, Bruck, & 
Sapin, 1954; Snyder, 1958). 

DESCRIPTION OF THE INTER-NATION 

SIMULATION 

Contrived face-to-face groups, even when 
they are created in the experimenter’s labora- 
tory, are more replications of reality than 
they are simulations. The component units— 
that is, the persons participating in the ex- 
periment—necessarily respond to their social 
environment as human beings even though 
the environment may be artificially simpli- 
fied. In the war game, however, there is'more 
role-playing, in which the actors need to 
imagine many features of the military situa- 
tion and respond to each other’s moves in 
terms of these self-imposed role conceptions. 
Usually there is time compression, so that, 
for example, a month’s warfare may be en- 
acted within a day. The mechanical and civil 
engineer often builds his simulation by reduce- 
ing his phenomena in scale. The operations 
research analyst represents the flow of traffic 
in symbolic form, so that he may use digits 
in a computer as simulation of a distribution 
of vehicles. In making such an analogue, 
there often is simplification, as when traffic is 
allowed only’ to turn left or right, even 
though vehicles in reality can make U-turns. 
All these devices have been used in develop- 
ing the inter-nation simulation. We have at- 
tempted to represent social units—nations, in 
this case—in their inter-relations with each 
other. We have simplified and reduced the 
number of variables involved. We have used 
both analogies and replication in contriving 
the parts. Our simulation is an operating 
representation in reduced and/or simplified 
form of relations among social units by means 
of symbolic and/or replicate component parts. 

When one builds literary and mathemat- 
ical models, one makes choices as to which 
features of a system are to be represented 
(Guetzkow, 1958a). When building social 
simulations, such choices also must be made. 
One is forced to specify units and interrela- 
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tions which often may be left abstract and 
general in verbal models. The concreteness to 
be embodied in this description of the in- 
ter-nation simulation must not be taken 
seriously. As the work proceeds, revisions 
necessarily will make the representation more 
adequate. Eventually, variations will be in- 
troduced in order to check effects of different 
forms of the simulation. The choice of varia- 
bles and the representation of their inter- 
locking is highly tentative. 


Five nations and their two decision-makers 


In the three initial, exploratory runs de- 
scribed in this paper, five ‘‘nations’” were 
operated simultaneously. During the first 
run, the nations were manned by one, or 
two, or three decision-makers. Those three 
units operated by one participant tended to 
be outward oriented, with less attention 
given to internal considerations. The nation 
which was operated by three decision-makers 
became quite bogged down in its internal 
processes, so that it had little time left for 
inter-state interactions. The unit manned by 
two decision-makers seemed balanced in its 
orientations. In the second and third runs, 
each nation was manned by two participants, 
senior and graduate students concentrating 
in political science. 

In each unit, then, an “internal decision- 
maker” (IDM) made the nation’s final deci- 
sions with regard to overall policies of the 
nation as they related to both external and 
internal considerations. Another participant 
served as “external decision-maker” (EDM), 


conducting the relations of his unit with 
other nations. The EDM reported to the 
IDM and might have been replaced by the 
latter. Yet, some IDMs used their EDMs as 
collaborators in their decisions. The two posi- 
tions attempt to represent decision-making 
as it encompasses the nation as a whole, 
especially as the government relates to its 
resources and society, and as the nation re- 
lates to an external environment, consisting 
of other nations. 


Office-holding 


Considerable effort was made to embed the 
external decisions in the internal environ- 
ment. The decision makers were under pres- 
sure to maintain themselves in office. Office 
holding depended upon the extent to which 
the expectations of the nation’s validators 
(e.g., citizens, elites, juntas, and other forces 
which maintain decision-makers in office) 
were met. The probability of being main- 
tained in office depended upon calculations 
made by the researchers as to how well both 
external and internal goals were being 
achieved by the nation in question. At the 
end of three periods of decision-making, the 
retention or loss of office was ascertained in 
each nation on the basis of random deter- 
minations (with the probability set as the 
average of the probabilities obtained for each 
period). By averaging probabilities, the deci- 
sion-makers were able to take long-range 
points of view in making decisions which 
might decrease their momentary chances for 
office holding. Such a situation typically oc- 





Two-member Teams of Four Competing Nations at Work, with Dr. Guetzkow and Mr. Noel Observing. 





Lee 


iced aOR OREN 


EERE RANTES FO eR One 


LEAS AAG ERODED EDEN Mee A TO 


6 deh sete PR Re BI Hi toe eal GOL: Pure 


BASSAS 


eat 


186 HaroLtp GUETZKOW 


curs in electoral processes in which there is 
delayed response to official actions. When the 
probability of office holding, however, de- 
creased to specified critical levels, an im- 
mediate determination was calculated, even 
though the routine determination was still 
some periods off. Such consequences simu- 
lated revolutions and coup d’etats. 


Nation-goals 


In the experiment each nation attempted 
to accomplish its goals, which then served as 
a basis for its decisions. In two of the runs, 
the goals were formulated by the decision- 
makers themselves; in the third simulation, 
goals were assigned to the IDMs by the 
researchers. Goals included objectives such 
as security, domination, cooperation, and 
internal growth. 


Resource decisions 


Each nation periodically received basic 
resources which it could allocate to its in- 
ternal functioning or utilize in external af- 
fairs, either as aid or as stragetic strength. 
Its internal use of these resources could be 
distributed to its validators for immediate 
gratification or for building up of basic re- 
sources during the coming periods. These de- 
cisions were recorded on a decision-form by 
the IDMs, so that they might serve as one of 
the bases for computation of the probability 
of office-holding. 





Dr. Guetzkow Conferring with the External 
Decision-Maker of a Nation. 


Interaction among nations 


Once each nation had its preliminary goals 
and had learned how to make its decisions 
with regard to its resources, the simulation 
was put into operation. Besides bi-lateral in- 
teraction, the EDMs arranged for confer- 
ences of some or all of the nations, with and 


without their IDMs. The EDMs made: 


treaties, giving aid with or without restric- 
tions. The strategic strength of the nation 
was used for various purposes, including in- 
timidation of other nations. It was possible 
for one nation to declare war upon another, 
alone or within alliances. Some nations en- 
deavoured to build permanent forms of in- 
ternational cooperation. As the interaction 
developed, the nations were allowed to re- 
formulate their goals. 

In the first exploratory run, there were di- 
rect communications among the EDMs in 
bi-lateral contacts and at conferences. How- 
ever, to insure perspective on the total scene 
by the decision-makers, it was useful to 
create a communication system beyond the 
one established by the EDMs. During the 
second and third runs, an external communi- 
cations system was devised by the research- 
ers in which events were reported to all na- 
tions, so that there was more understanding 
by the decision-makers of what was happen- 
ing within the interaction system. In this 
“world newspaper” reports were made by 
the researchers on the office losses as they 
occurred, how aid was extended, how treaties 
and alliances were developed. In addition, 





An Inter-Nation Round-Table Conference. 
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the EDMs were permitted to publish com- 
muniques and announcements for propa- 
ganda purposes. 


Laboratory mechanics 


The group laboratory of Northwestern’s 
Departments of Psychology and Sociology 
was used for the experiment, as pictured in 
Figure 1. Although all the participants were 
physically proximate, only written communi- 
cations were permitted, to allow the research- 
ers to obtain a complete record of the 
transactions. Within a nation, the IDM and 
EDM passed messages back and forth by 
sliding them through the barrier separating 
the two halves of the table at which they 
were seated. Non-participating messengers 
carried the inter-nation messages from one 
EDM to another. Carbons of all messages 
were given to the researcher-reporter, so that 
reports for the newspaper could be prepared 
from those not marked “RESTRICTED.” 
The nations were shielded from each other 
by screens (but not shown in Picture 1 for 
photographic reasons). 

The conferences were conducted at round 
tables, with various methods of recording. 
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In small conferences, the decision-makers 
simply passed a sheet of paper back and 
forth, with all reading the last reply before 
the next response was begun. In larger con- 
ferences, a blackboard in view of all was used 
for the interchanges. A record was made of 
the messages immediately, so that each 
EDM might have a copy of the conference 
transcript. 

An hour was allowed for each period of the 
simulation. Half-way through the period, 
the IDMs completed the decision-forms, so 
that the researchers might use them in cal- 
culating the probabilities of office holding. 
The consequences of their decisions were re- 
turned to the decision-makers at the begin- 
ning of the following period. 

In calculating the outcomes, the research- 
ers used a combination of rigid rules and 
subjective judgments. For example, the 
strength of states was mechanically deter- 
mined from their strategic strength alloca- 
tions, as combined throygh their alliances. 
On the other hand, subjective judgments 
were made by the simulation director as to 
how well the nation was achieving its evolv- 
ing goals. These various measures were then 
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.EDM and IDM separated by barrier. 
Tables separated by floor screens. 


Fig. 1. Group Laboratory, Northwestern University 
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combined into a single validator satisfaction 
measure, in terms of which office holding 
was determined mathematically. 

No attempt is made in this description to 
give-all the details of the simulation in its 
full concreteness. Only when the design of 
the simulation settles into more permanent 
form will it be useful to report with such 
elaboration. It is hoped that the above de- 
scription enables the reader to picture the 
operations. Once we begin using the simula- 
tion for particular training or research pur- 
poses, it will be necessary, of course, to 
specify the details. The three runs, each last- 
ing from three to four hours, indicate there 
is some hope of simulating inter-nation rela- 
tions in the laboratory. 


SIMULATION AS MODEL BUILDING 


It is believed that inter-nation simulation 
will be of heuristic value in clarifying our 
theories of international relations. Although 
it is but one of alternative ways of building 
models about the operation of social systems, 
its operating character demands a greater 
clarity in formulation than is often necessi- 
tated in literary and mathematical formula- 
tions. 

To construct an operavle representation, 
one must specify variables with some pre- 
cision and then interlock the variables with 
some exactitude. So that the participants 
and researchers can operate the model at a 
scale reduced from that of the original being 
simulated, a limited number of key variables 
must be selected. One attempts to represent 
a whole class of variables, such as the eco- 
nomic, by a more limited set of prototypic 
ones. To provide feedback from the decisions 
to the decision-makers, one simply must 
specify the interlocking which exists among 
the variables—otherwise there will be no in- 
ter-relation. 

As in models which present verbal struc- 
tures isomorphic to the phenomena being 
studied, one often has characteristics hidden 
within the interstices of the model. Because 
we are using human beings as decision- 
makers, they bring both their personal char- 
acteristics into the model and their own im- 
plicit theories of the way in which nations 
should behave. Eventually it will be neces- 
sary to appraise these personal styles of 


decision-making and organizational presup- 
positions, so that their influence on the 
evolving inter-nation interaction may be 
studied. In one of our exploratory runs, the 
presence of a decision-maker with a particu- 
larly strong interest in dominating other na- 
tions was as determinate as the presence, in 
another run, of a decision-maker who wanted 
to implement morality standards through 
development of an international organiza- 
tion. 

Perhaps the heuristic values of simulation 
may be increased by underspecifying parts 
of the model. To date our strategy has been 
to build a well structured base for the deci- 
sions made within each nation, but to leave 
the structuring of inter-nation relations am- 
biguous. Then the interaction generated in 
the simulation may evolve characteristics of 
an inter-nation system which are quite in- 
dependent of the conscious expectations of 
both the participants and the researchers. 
It was interesting to note in one run how the 
demands of the simulated operation forced 
the development of a clearer division of labor 
between IDM and EDM than either wanted. 
Will the development of the inter-nation 
system force supra-state organization, above 
and beyond the nations themselves, when we 
allow the simulation to continue for ten to 
fifteen hours instead of cutting it short at 
three or four? 

It would be feasible to put the calculation 
of the decision consequences on computers, 
as is done in the business game of the Ameri- 
can Management Association (Ricciardi and 
Craft, 1957). Should the translation of the 
decisions into office holding probabilities be 
made more complicated, it may be necessary 
to do this. Oliver Benson has developed an 
all-computer simulation called ‘A Simple 
Diplomatic Game” (1958). Using an IBM 
650 Stored Program Computer, Benson is 
developing a generalized game involving four 
preparatory sets of input data, ‘national 


power,” “interest in other states,”’ the pro- 


pensity of each of nine powers to act, and 
geographic location. Nine action decisions 
may then be fed into the machine, which is 
programmed to compute a set of conse- 
quences, as well as “counter-actions.”’ Our 
simulation differs from both the AMA Busi- 
ness Game and Benson’s Diplomatic Game 
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in that our development allows the partici- 
pants to create consequences as they derive 
from their inter-group interaction, quite free 
of programs in the computer. 

One of the puzzles encountered in using 
simulation involving human decision-makers 
is the extent to which the representation 
shades into the phenomenon itself. In experi- 
mental work with small groups, the social 
psychologist actually produces face-to-face 
relations. One would expect in such labora- 
tory replication of the phenomena a surer 
prediction to the world of nature than when 
one depends upon the formal isomorphism 
employed in a simulation. Yet, by using 
human components—by contriving nations 
as units which actually interact—to what 
extent has this simulation become an exem- 
plification of the phenomena themselves? 
But no matter, for when models developed 
in simulation predict important features of 
real inter-nation systems, the distinction be- 
comes of little consequence. 

Perhaps most exciting is the potential 
which simulation models hold for exploration 
of contemporary verbal theories about inter- 
national relations. It is feasible to simulate 
such characteristics as variation in size of 
nation, representing small and great powers 
in the same interaction system. It is possible 
to so structure the simulation as to have na- 
tions with rapid growth and slow growth in 
interaction with each other. We have an im- 
pressive literature which can provide hy- 
potheses for examination within the inter- 
nation simulation. 

For instance, we might study the proposi- 
tion by Haas and Whiting that although “the 
majority of alliances are concluded for pur- 
poses of self-preservation, the dynamics of 
international relations often transform them 
into pacts of self-extension for at least one 
of the parties” (1956, p. 162). By examining 
the messages of the EDMs, we may under- 
stand the arguments used in persuading other 
nations to join alliances. Then, once estab- 
lished, we can check the extent to which the 
alliance now is used for self-extension. Con- 
sider Kennan’s hypothesis, that international 
“conflicts are to be effectively isolated and 
composed”’ the more accurate the perception 
of the given power relationships surrounding 
the conflict (1954, p. 36). By asking our deci- 
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sion-makers to record their perceptions of 
power among the units, we can check 
whether accuracy in such perceptions does 
lead to more adequate conflict management 
in the simulation. Because of the costly na- 
ture of simulation, it will be wise to explore 
a number of related hypotheses simultane- 
ously. For example, while one is working 
Kennan’s hypothesis, it would be feasible, 
by varying the number of nations, to check 
Kaplan’s notion that ‘‘mistakes or failure in 
information can be tolerated more easily if 
the number of actors is greater” (1957, p. 
34). 

Gradually tighter bodies of verbal theory 
are being developed. One-rtight use simula- 
tion for exploring these verbal constructions. 
For example, the theory of political integra- 
tion created by Van Wagenen and Deutsch 
and their colleagues at the Center for Re- 
search on World Political Institutions might 
be mirrored in simulation. Would their 
prediction of a pluralistic security-com- 
munity among the nations be realized when 
conditions of mutual responsiveness to each 
other’s needs are simulated? (Deutsch, et al., 
1957, p. 66). Or explore Guetzkow’s hypoth- 
esis that ‘the more adequately the members 
of a group envision the techniques of inter- 
group collaboration as means to their ends, 
the greater the tendency to move toward 
collaboration.” (1957, p. 54). It would seem 
feasible to explore Kaplan’s constructs of 
state systems, such as the hierarchical sys- 
tem, even though no exemplification of this 
phase exists at present in nature. Benson has 
utilized Quincy Wright’s ‘“propensity-to- 
act”’ notions in his all-computer simulation. 

Once we settle upon a particular design for 
the inter-nation simulation, it will be feasi- 
ble to represent the assembly of existent 
nations. First, one would need to characterize 
each of these nations on the present variables 
which are incorporated into the simulation. 
Using these characterizations as initial con- 
ditions, the simulation might be operated, 
generating consequences—that is, predic- 
tions of the evolution of the present interna- 
tional system. 

It would seem, however, undesirable—in 
the present stage of underdevelopment of 
simulation—to attempt to have our partici- 
pants role-play particular countries, such as 
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Spain and Indonesia. Would not such en- 
couragement toward role-playing tend to 
secure reactions in terms of the presupposi- 
tions each participant has as to the nature of 
a particular country’s reactions in a foreign 
policy situation? Then, as was done in the 
RAND exercise, we would be embodying 
our participant’s theories of how nations are 
supposed to react rather than exploring re- 
actions produced by the interaction itself. 


USE OF SIMULATION FOR TRAINING 


An inter-nation simulation may prove use- 
ful for training purposes in a number of situa- 
tions (Guetzkow, 1958b). It may be used as 
exercise material in the training of policy- 
makers, and it may complement texts and 
lectures in the teaching of international rela- 
tions to undergraduate and graduate stu- 
dents. 

As the war game has been judged of prac- 
tical value in providing decision-maker ex- 
perience to military executives, so the man- 
ning of an inter-nation simulation may be 
helpful in the training of foreign policy 
makers. The business decision-game, de- 
veloped by the American Management Asso- 
ciation, is found useful for certain levels of 
management training, especially as it allows 
specialized executives to gain over-all per- 
spectives.* It was just in this respect that 
the RAND political exercise was thought to 
have been most fruitful. Goldsen reports, 
“The game puts a premium on the mobiliza- 
tion and reordering of preexisting knowledge 
in relation to a special focus, a focus on 
political action, policy thinking. ..and the 
analytic assessments of the consequences of 
alternative courses of action. Seeing new 
inter-connections of earlier insights. . . seems 
to have been considerably fostered by the 
game...” (1956, p. 36). The inter-nation 
simulation, used in conjunction with sub- 
stantive training in foreign policy, could 
provide quasi-practical experiences in the 
exercise of policy judgment. By making ex- 
plicit that which is often implicit, the simula- 
tion would encourage the use of more sophis- 
ticated decision-making procedures. Because 
the simulation could be arranged to provide 


3 We are grateful for the many courtesies of 
Mr. Virgil Kraft in allowing us full access to their 
simulation without cost. 


a constant bombardment of decision-events, 
practice in decision-making under continuous 
pressure might be obtained from its use by 
policy officers preparing for heavy interac. 
tion situations. Perhaps the inter-nation 
simulation can be developed as an adjunct to 
the case materials being used in the career 
development programs for foreign service 
officers in our Foreign Service Institute. 

Undergraduate senior students were in- 
volved along with graduate students in the 
three initial exploratory runs reported herein, 
Seniors with an international relations course 
background seemed to profit from the ex- 
perience more than those without. They felt 
they were actually making use of their 
knowledge, as they came face-to-face with 
the quasi-realities of foreign policy decisions. 
This opportunity to behave as responsible 
decision-makers increased their enthusiasms 
for further understanding of the nature of 
international politics. They felt they were 
plumbing the depth and extent of their 
knowledge. One of the students reported, 
“The simulation really brought me down to 
earth. I finally faced the complexities of in- 
ternational relations. All nations wanted 
their own ways and it’s hard to accomplish 
what you want.’ The simulation might be 
integrated as a series of laboratory exercises 
in international relations. As Alger suggests 
for an international organization course, the 
simulation might be designed to demonstrate 
progressive stages of international structure, 
going from bi-lateral relations to interna- 
tional conferences, to intermittent councils, 
to continuous session international bodies 
without and with secretariates (Alger). 

The graduate students found their ex- 
periences in the simulation rewarding in 
many of the same ways as the undergradu- 
ates. But in addition, they were most in- 
trigued with its potential as a research tool 
for building explicit theory. 
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Most of us have played Monopoly for amusement, but now industry is 
beginning to take similar games seriously as training situations for manage. 
ment personnel. Groups of executives are sent to “retreats” to play business 
games to learn what is involved in making decisions. Here is an example of 
a business game used as a research tool for the study of human behavior in 
conflict situations. 


AN EXPERIMENTAL BUSINESS GAME’ 


by Austin C. Hoggatt 


The University of California 


urR thinking about interpersonal con- 

flict situations is greatly enriched by 

the Theory of Games, and the body of theory 
is rapidly growing. Experimental studies are 
also being reported but their number is not 
great. Results to date indicate that there 
are many problems both of theory construc- 
tion and experimental technique which are to 
be overcome before a theory with strong pre- 
dictive power is in hand. We report here on an 
experimental test of behavior in a game-like 
situation which is derived from an economic 
model of an industry composed of a few 
firms. In our discussion we will rely heavily 
on techniques of analysis taken from eco- 
nomic theory. Thus the model which we de- 
velop is incomplete because the problem of 
understanding human decision making is an 
interdisciplinary one which intrudes into 
several areas of social science theory. Con- 
tributions from all will be required if we are 
to be ultimately successful. The fact that our 
partial model met with some success in this 
special experimental situation encouraged us 
to publish our results in the hope of stimulat- 


! This is a research report covering work started 
while the author was employed in the IBM Re- 
search Laboratories, Yorktown Heights, New 
York, and completed under contract with IBM 
while the author was a member of the Center for 
Social Science Theory, The University of Califor- 
nia, Berkeley. Much fruitful discussion took place 
between the author and his colleagues in the Cen- 
ter, Professors F. E. Balderston and T. R. Sarbin. 
The assistance of Messrs. J. M. Coombs, C. T. 
Baker, R. E. Levitan of the IBM Research Lab- 
oratories during an early part of this work is grate- 
fully acknowledged. Professors J. Wheeler and J. 
Marschak made several helpful suggestions after 
reading an earlier draft of this paper. 
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ing others from different disciplines to work 
on these problems. 

The organization of this paper is as fol- 
lows: The first section is a description of a 
business game which is simple enough so that 
some analytical results may be obtained; 
prior to taking observations on actual play, 
a prediction was made on the basis of this 
analysis concerning the equilibrium levels of 
the decision variables which might obtain. 
In the second section there is a discussion of 
the players and the experimental situation, 
and the third section contains a discussion 
of the results and a statement of conclusions. 


A MODEL OF A BUSINESS GAME 


Recently there has been a growing interest 
in business games which are off-shoots of the 
war games used by the military to test 
tactics and train officers. Up until now, the 
business games reported in the literature 
(Andlinger, 1958; Belman et al., 1957; IBM, 
1958a, 1958b) have been so complex that 
they do not admit analysis; the emphasis has 
been on using the gaming technique as 4 
teaching device and in making the play of 
the game interesting for the participants. We 
focus on using game situations as a research 
tool for studying the behavior of human be- 
ings in conflict situations. 


1.1 The structure of the game 


There are three firms; each one is operated 
by a different player. The single product pro- 
duced by each firm cannot be differentiated 
from that of any of the other firms. The 
product is infinitely divisible, i.e., it can be 
produced in any fractional part of its unit of 














rise 
creas 


from 
do n 
gam 
in W 
tech 
prod 
depe 


facto 
time. 


indus 

Ei 
of th 
cann 
next: 
be tl 
simp! 
that 
of iny 
suppl 
on da 


BaA2 7? x 


rk 


ra 
lat 


AY, 
his 
of 


- of 
on, 
ion 
ns. 


‘est 
the 
est 
the 
ure 
M, 
hat 
has 
sa 
r of 
We 
reh 


ited 
pro- 
ited 
The 


it of 





An EXPERIMENTAL BusINEss GAME 193 


measure.” At the beginning of each market 
day, each player decides on the amount his 
firm will produce and sell on that day. The 
game continues for a number of market 
days. 

Let X,(t) = the amount produced and 
supplied to the market by the 7‘ firm on 
day t. 7 = 1, 2, 3. On each day, the total 
cost of production for a firm is a function of 
the amount it produces on that day. Let, 


C{X (t)] = a, + OX (t) + cf{X (OP. 
7=1,2,3 


In the experiments reported here, the coef- 
ficients were selected as follows: 


qQ = 120 by = 40 cq = 1.1 
a, = 220 b. = 30 €é, = 12 


a3 = 335 bs = 20 C3 = 1.3 


These functions are such that total costs 
rise at an increasing rate as output is in- 
creased, and average unit cost of production 
first falls and then rises as output is increased 
from zero. (See Figure 1.) The cost functions 
do not change from day to day, thus the 
game is representative of a market situation 
in which (1) firms operate efficiently, (2) 
technology is fixed, (3) prices of factors of 
production (i.e., labor, raw materials) are in- 
dependent of the amounts purchased by the 
three firms, and (4) the productivity of the 
factors of production does not change over 
time. These assumptions are commonly 
made in the economic theory of the firm and 
industry. 

Either high storage costs (or perishability) 
of the commodity is assumed so that firms 
cannot hold inventory from one day to the 
next: the amount each firm produces will also 
be the amount that it sells. This greatly 
simplifies the problem faced by the firm over 
that which obtains when there is a problem 
of inventory management. The total amount 
supplied to the market by the three firms 
on day t is: 


S(t) = Xi(t) + X2(t) + Xa(t) (2) 


Let, D(t) = amount demanded by con- 
sumers on day ft, 


* However, in the play of the game, numbers 
are rounded to two decimal places. 
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Fic. 1. Average Unit Cost of Production as a 
Function of Output for the Three -Firms in 
the Experiment. 


M(t) = amount actually traded on 

day t, 
P(t) =the market price which 
holds for all transactions on 

day t. 
The following, time dependent, functional 
relationship is assumed between current mar- 
ket price, the amount consumers currently 
demand and amounts traded in two past 


periods: : 

P(t) = B — aD(t) — aM(t — 1) 
ee 
— a,M(t — 2). 


where 6 and the a’s are all positive. Notice 
that the higher is today’s price, the less will 
be the amount demanded. Also, the more 
that was marketed on the previous two days, 
the less at any given price will be the amount 
demanded today. Qualitatively this rela- 
tionship may be thought of as one holding 
for a semi-durable consumer good (or one 
for which tastes are easily cloyed). Two 
lagged terms in the demand relation intro- 
duce dynamic properties which are not en- 
countered in classical economic models of an 
industry. We will extend the analysis to treat 
the dynamics of the market explicitly. 

The market is forced into short run equi- 
librium (market equilibrium is defined as a 
situation in which the amount demanded 
exactly equals the amount supplied) each 
day by asserting the identity, 


S(t) = Dit) = M(b) (4) 
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There are many devices employed in eco- 
nomic theory for causing this short run mar- 
ket equilibrium to hold. We achieve it by 
employing an Umpire who observes the out- 
puts of the several firms and aggregates them 
to get the value S(t) of equation (2). He 
then substitutes this value for D(t) in equa- 
tion (3) and solves for a market clearing 
price. This price is then announced to all the 
firms. The coefficients of (3), for our experi- 
ments, are assumed to be: 8 = 100, ao = .5, 
a = .3, a2 = .2. By substitution from (4) 
in (3) we may write 


P(t) = 100 — .5S(t) — .3S(t — 1) 
— .2S(t — 2) 


This relationship is shown in Figure 2 for 
some hypothetical values of S(t — 1) and 
S(t — 2). 

In order to complete the model, we must 
determine the information which will be 
available to each player at each move, and 
what each participant is required to do on 
each market “day.” 

Information available to the players be- 
fore play begins is as listed below: 

a. Each firm is controlled by precisely one 

individual. Call him the Manager of 
the firm. 
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Fig. 2. Demand and Revenue Functions Facing 
the Industry in the Experiment. 
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b. The Managers know the coefficients in 
their own cost function (1). 

c. The Managers know the functional 
form (quadratic in this experiment) of 
the cost functions of the other firms, 
but not the coefficient values. 

d. The Managers know precisely the de- 
mand relationship (3’) facing the in- 
dustry. 

e. The Managers do not know the number 
of competitors, only that it is not 
“large.” 

f. The Managers know the initial state of 
the industry and the initial state of 
their firm. 

g. No messages are exchanged between 
Managers. 

Moves take place as follows: 

h. On each market day, t, the Managers 
select their own outputs, each in ig- 
norance of the outputs selected by the 
other Managers for that day, but in 
full knowledge of past amounts sup- 
plied for the market by all firms col- 
lectively. These decisions are commu- 
nicated to Umpire. (Notice that 
managers never know the output levels 
of particular opponent firms.) 

i. Umpire aggregates the outputs and in- 
forms the individual managers as to 
the market price at which they have 
sold the product they supplied. 

j. Prior to play Umpire selects an integer 
T, which is not communicated to the 
players until day 7 + 1 when they are 
informed that the game is over. 

The pay-offs are defined in terms of profit 
(revenue less cost of production). We have 
the profit functions: 


w{X s(t); X(t), XH] = POX) 
— C{X()). ixjx#k 


For illustrative purposes we write the first of 
these in terms of the output variables alone: 


m[Xi(t); X2(t), Xa(t)] 
= {B — af Xi(t) + X2(t) + X;3(8)] 
— aS(t — 1) (6) 
— aoS(t — 2)} X(t) 
— {ai + a2Xi(t) + as[Xi(t) 7} 


(5) 
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The cash position of a firm after ¢ periods 
of play is simply the algebraic sum of all 
profits and losses made on the first ¢ days. 
There is no limit on the losses which may be 
incurred, so the players do not have to worry 
about the possibility of their going bankrupt 
and being eliminated from the market at 
any time before the game ends. 


1.2 Comment on the structure of the game 


Our game has much in common with clas- 
sical games and much of the game theory 
terminology applies to it. For example, as in 
all cases involving production, the sum of 
profits earned by the industry varies with the 
outputs of the firms, so we have a variable 
sum game. Since we shall not attempt a game 
theoretic analysis, we shall not find it neces- 
sary to bring in many technical terms from 
that theory. 

The central idea in the classical theory of 
n-person games is that of coalitions; some of 
the players cooperate to achieve a greater 
return than they could obtain separately. 
(A cartel is an economic example of a coali- 
tion.) However, in our game the restrictions 
on the message flows that make the indi- 
vidual firm anonymous should prevent this 
sort of cooperation. Nash (1951) has called 
such situations ‘non-cooperative’ games. 
The economist has developed a theory of the 
non-conscious cooperation that is achieved in 
economic life via the system of markets, but 
he has had little to say about the internal 
organization of firms or households where 
conscious cooperation is all important (Pa- 
pandreou, 1952). (This is the domain of the 
organization theorist.) By limiting messages 
received to the market variables, price and 
quantity, and by keeping to one man firms, 
we have a behavior situation made to order 
for the application of economic theory. 

Much of the analysis of games is static, 
1.e., the game is transformed into one involv- 
ing a single move for each player and the 
game is thought of as being played once only. 
We play over many time dependent moves, 
thus introducing complications such as 
change of goals over time, learning, boredom 
and the like, but we have not integrated ele- 
ments of learning and psychological theory 


into our model, and this is why we charac- 
terize it as incomplete. 

The single most important difference be- 
tween our model and the usual models of 
game theory is that the pay-offs to each firm 
(profits) are not known to the other firms. 
In game theory the pay-off is in utility units 
for each player and all players are assumed 
to know the utility function of each player. 
Since our players know little about the out- 
comes for individual firms other than their 
own, it is difficult to know what the theory 
of games has to say about such situations. 


1.3 The Cournot oligopoly model and its 
relation to the game of Section 1.1 


The Cournot model of oligopoly (few- 
seller) behavior is one which holds an im- 
portant place among economic theories of 
the firm and industry (Cournot, 1838). 
Cournot assumes that each firm is being 
managed so as to attempt to maximize 
profit, and he further assumes that each 
manager in setting output does so under the 
assumption that the rest of the industry will 
not change its output in the current period 
from what it was in the previous period. 
Given an initial position and well behaved 
demand and cost functions, this formulation 
gives rise to a system of difference equations 
in the outputs of each firm, which, if it con- 
verges to a stationary equilibrium, may be 
called the Cournot Solution of the oligopoly 
model. The original model was stated for 
lagless, static demand, but our game has a 
time dependent demand function so we shall 
have to extend the analysis of Cournot to 
take this into account. 

By making the experimental situation con- 
form to that of an economic model involving 
conflict of business interests we can hope to 
observe how the subject’s actual behavior 
compares with various types of maximizing 
behavior as these are visualized in economic 
theory. To begin with we postulate only two 
alternative kinds of decision rules for the 
players. The first possibility is that the player 
will seek maximum short-run profits while 
assuming that other players’ outputs are 
fixed; the second, under similar assumptions 
of fixed opponents’ output, extends the time 
period which the player considers in maxi- 








196 AustTIn C, 


mizing his profit. Specifically the two as- 
sumptions are: 

Generalized Cournot Behavior Assump- 
tion I: The Manager of each firm assumes 
on day ¢ that the combined outputs of 
other firms will be the same in the current 
period as they were in the previous period. 
Output is set so that profit on day ¢ will 
be maximized if the assumption is cor- 
rect. 

Generalized Cournot Behavior Assump- 
tion II: The Manager of each firm assumes 
that the combined outputs of the other 
firms will be the same in the current and 
the next two future periods as they were 
in the previous period. Output level is set 
on day ¢ so that if it is constant for two 
future periods, and if the assumption of 
fixed opponents’ outputs is correct, then 
profit on day ¢ + 2 will be maximized. 
In both of these rules, profit is the cri- 

terion, but under Assumption I actions are 
taken with the intent to maximize profits in 
the current period, whereas under Assump- 
tion II, current profit is forgone in order to, 
hopefully, improve the situation in which the 
firm will find itself in the future. These repre- 
sent extremes of position with regard to the 
short and long run, and we shall refer to them 
as short and long run Cournot rules respec- 
tively. Short and long run are separated by 
only two periods in our model so that players 
who know that many periods of play are be- 
fore them should have some incentive for 
seeking long-run profits, but no normative 
claims are made for the behavior rules which 
we have just stated. Much more information 
about the subjective preferences of the 
players than we have is required before we 
may undertake to provide normative rules. 
We now study the equilibrium positions 
which are associated with these generalized 
Cournot behavior rules and in order to do 
so, we return to the profit equations (6). By 
writing these as functions with three argu- 
ments we have emphasized the dependence 
of profits of one firm on the outputs of an- 
other. The Cournot Assumption I leads to 
the “anticipated short run profit functions’, 
A, , wherein known lagged values of the out- 
puts of the other firms replace the unknown 
current outputs. [For example, the first firm 
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can determine the combined last period out- 
puts of the other two by the simple calcula- 
tion, X2(¢ — 1) + X;(t — 1) = S(t — 1) - 
X(t — 1), 
A [AX (t) ] 
= {8 — aX (t) — af X(t — 1) 
+ X(t — 1)] 
pears ay S(t oT 1) aS(t — 2)} (7) 

-X ,(t) — {a; + b:X,(t) 

+ec(X()P} tA 7k. 
The anticipated short run profit function of 
each firm is a function of only one argument, 
the output of that firm, and we may proceed 
to maximize anticipated profits for each firm 
separately. We do this by differentiating and 
setting the derivative equal to zero (the sec- 
ond order conditions are satisfied and we as- 


sume that there are no maxima at zero pro- 
duction levels). 


dA |X;(t)| 
dX (t) lx 


= B — a [X(t -— 1) + X(t -— 1)] 
— a S(t — 1) — aS(t — 2) 
_ Qa X(t) — db; 
—2:X(t)=0 iAj#k 


(8) 


Inserting numerical values of the coefficients 
and solving the resulting equations explicitly 
for the three decision variables we have: 


Xi(t) = 4%» (60 — 3X\(t — 1) 
j 


— 8X,.(t —- 1) 
— 8X, (t - 1) 
— .2[X,(t — 2) 


+ X.(t — 2) + X3(¢ — 2)]} 
X2(t) = 4.4 {70 — 8X\(t — 1) 


— 3X.(t — 1) 
— 8X;(t — 1) (8’) 
— .2[Xi(t — 2) 


+ X(t — 2) + X;3(t — 2)]} 
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Xs(t) = 14.6 (80 — .8Xi(t — 1) ~ 
— 8X,(t — 1) 
a. Sae = 9) 
~ 21X,(t — 2) 
+ X2(t — 2) + X3(t — 2))} 


An equilibrium for this linear difference 
equation system may be obtained by drop- 
ping time subscripts and solving the 3 X 3 
linear system which results. This gives the 
unique solution: 


X,= 9.11 m, = 12.64 
Xo = 11.93 ys iso 21.70 (9) 
X; = 14.38 mw; = 37.30 
S = 3542 - = 71.64 











By a similar argument we may obtain the 
equilibrium for Cournot Behavior Assump- 
tion II; the system analogous to (8’) is: 


X,(t) 
_ , a ee 
= 79 (60 — Xxt—1) — XAt— 
X,(t) ' 
Se ee ee ee (10) 
ol At ad) Se 
X;(t) 
1 ry _— — 
= 7, 80 - Me - D — Xt - YI 


which has the equilibrium: 


Xi = 854 m= 33.29 
X,= 13.15 = 6265 (1D 
S = 3266 


II 





Since these represent extremes between short 
and long run maximization, we elect to put 
the initial position of the industry roughly 
midway between them. 





X(t) = 882 (0) = 23.86 
X,() = 13.77 0) = 5208 2) 
S(t) = 33.99 (0) = 110.50 

t= 0,—1, —2 ies 





TIME PATH OF OUTPUT FOR 
THE SHORT-RUN COURNOT 
MODEL FROM THE INITIAL 
POSITION USED FOR THE 


TIME PATH OF OUTPUT FOR 
THE LONG-RUN COURNOT 

MODEL FROM THE INITIAL 
POSITION USED FOR THE 
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Fic. 3. Time Path of Output for the Short- 
Run Cournot and the Long-Run Cournot Model 
from the Initial Position Used for the Experiment. 


The time path of the industry under either 
of the two behavior assumptions is stable— 
it is shown (Figure 3) for the initial position 
(12). Notice that the convergence is oscil- 
latory and rapid. 

IA contrast to these behavior solutions we 
may consider the joint-maximization equi- 
librium in which the firms cooperate to max- 
imize the joint-profit function, = m + 
x2 + 2; . For simplicity we shall assume that 
they do not seek a cyclical strategy (in a 
dynamic model of this type some deliber- 
ately oscillatory policies may yield greater 
average profits than any static policy), so 
that we may ignore time subscripts. 


ap ee 
m (100 X. + FEO 
-(X, + X2 + Xs) 
— (120 + 40X, + 1.1X?) 
— (220 + 30X2 + 1.2X2) 
— (335 + 20X3 + 1.3X?) 


(13) 
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and this is maximized at: 


Xi = 4.65 1 = 19.91 
Xe = 8.47 2 = 76.87 (14 
ee re ) 
S =2479 + = 22905 





In our case, the usual result of collusive ar- 
rangements occurs—the “cartel” restricts 
output and the firms collectively make 
greater profits under the cartel. However, if 
we look at the situation from the point of 
view of the individual firm, we find that 
while the cartel might be desirable there is 
little in the game situation which can be em- 
ployed to bring it about. Suppose one of the 
firms seeks to move in that direction by cut- 
ting output—in the short run others can 
make extraordinary profits by increasing 
output, and the output cutting firm then 
does not experience the hoped for rise in 
price and can be expected to retreat from its 
position to higher output levels. It would be 
surprising if (14) occurred as the result of 
play.’ 

We have less to go on in arguing between 
short and long run equilibrium. However, 
during the early moves in a game, we should 
see a dynamic process involving large ad- 
justments as the players learn about the 
market. This should tend to favor short-run 
maximization as a goal, a sort of “take it 
when you can get it”’ attitude. If equilibrium 
were obtained (after possible experiences of 
losses through over-production) there should 
be some fear of “upsetting the market.” Of 
course, in actual play, there are a number of 
things which may occur; we list some of 
these: 

a) The market may stabilize at short-run 
equilibrium: via the specified path by the 
model or, 

b) The market may stabilize at long-run 
equilibrium via the specified path. It would 
be strange, indeed, if either of these outcomes 
occurred. 

c) The market may stabilize at either 
short or long run equilibrium levels of the 
model but achieve this by another path. 


3 Notice that firm 1 does not do as well in the 
cartel as it does under competitive long-run max- 
imization. Side payments would be required to 
keep it in the cartel. 
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Notice that whatever the dynamics of the 
behavior rule are, if short run maximization 
is the goal then (9) is a possible equilibrium 
position. Similarly (11) is an equilibrium 
compatible with long run maximization. 

d) Equilibrium may be of a mixed kind 
with some firms employing short-run rules, 
others employing long-run rules. Again, it is 
unlikely that these would occur via the path 
of a mixed system composed of some equa- 
tions from (8) and some from (10). 

e) The system may not exhibit stability 
properties experiencing either constant or 
explosive oscillation. A result of this latter 
type would have unfortunate implications for 
economic theory. If there are strong random 
components of behavior this outcome could 
be expected for it is well known that sto- 
chastic difference equations generate cycles. 

Because we wish to place some faith in 
the economic model and given the heuristic 
argument above, we assert the following 
hypothesis. 

Hypothesis: The short-run profit maxi- 
mization equilibrium of (9) will tend to be 
established during play of the game. We re- 
peat that this is not to assert Cournot Behav- 
ior Assumption I—our assertion is weaker 
for there are many dynamic behavior sys- 
tems which have (9) as an equilibrium. 

Now that we have a hypothesis in hand 
we shall proceed to organize some gaming 
sessions and test our hypothesis in actual 


play. 


THE PLAYERS AND THE EXPERIMENTAL 
SITUATION 

Invitations to play were addressed to all 
members of the faculty of the School of 
Business Administration, University of Cali- 
fornia. Respondents included teaching, re- 
search, and administrative persons in all 
academic ranks. Most of the respondents 
have strong backgrounds in economic theory 
although a few did their graduate work in 
other disciplines. From the list of respond- 
ents nine were selected and assigned ran- 
domly! (by drawing from a hat) to play the 


4Two respondents employed noms de jeu, and 
to avoid the possibility of destroying the informa- 
tion structure in the event that these two names 
were associated with only one real person a restric- 
tion was made on the distribution of roles so that 
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role of manager of a firm in one of three 
identical game situations. To each of these 
nine persons was addressed a copy of Exhibit 
I with a suitably filled out supplement.® 

The role of Umpire was assumed by the 
author. The optimistic time schedule was not 
met. Play continued intermittently from 
May until August 1, 1958. Because play did 
not take place as rapidly as anticipated, the 
values of 7' which were selected by Umpire 
were too large to be effective in terminating 
the games. Play continued in each case until 
one player in a game was no longer available 
(leaving town, etc.). In order to avoid “end 
effect,’ play was terminated several days 
prior to these deadlines, which were known 
to Umpire in advance. 


EXHIBIT I 


UNIVERSITY OF CALIFORNIA 
School of Business Administration 
pee 

The detailed structure of the game in which 

you are involved is given in the attached material. 
Also there is information which is specifically ad- 
dressed to you. A few general rules are as follows: 

(1) Please do not discuss this game with anyone 
until I inform you that you may legitimately 
do so. The information which each player 
has (and does not have) about his competi- 
tors is an important variable in the struc- 
ture of the game and you may alter the en- 
tire situation by a chance remark. 

(2) Please try to continue with the game until 
it is over. If you withdraw you will upset 
the other players. 

(3) Take as much time as you like in making 
your move but try to meet the deadlines 
which are indicated on the report form which 
is included below. 


April 22, 1958 


Good luck, 
Umpire 
P.S. My mail box is on the far right on the bottom 
tier of the faculty mail boxes in 113 S.H. After 
each move, you will find an envelope addressed 
to you containing the market report in the box 
marked ‘‘Players’’ which is next to mine. 
UNIVERSITY OF CALIFORNIA April 17, 1958 
School of Business Administration 


INSTRUCTIONS FOR PLAY OF AN 
OLIGOPOLY GAME 


You are in complete control of firm . 
There are _’ _ other firms competing in the mar- 














these two names would be associated with firms 
with the same cost function (but, of course, in 
separate games). 

5 Notation differs from that of the text. In order 
to report on the situation as completely as possible 
the notation of the exhibit was left unchanged. 


ket for the product which you manufacture and 
sell. The product made by these firms is of uni- 
form quality and cannot be differentiated at the 
retail level. There are several variables in the 
situation which are defined as follows: 

t: marketing takes place on separate ‘‘days’’— 

call them day 1, day 2, .. ., day #. 

P, = market price on day ¢. 

X{° = amount supplied by firm i on day t. 

X,=XYP4+XP+...+ X?: market supply 

on day ¢ where there are k firms. 
TC;? = total cost for firm i on day t. 
TR;° = total revenue for firm i on day t. 
x = profit of firm 7 on day t¢. 
Demand facing the industry is given by the re- 
lation 
(1) P, =m 100 — 5X; = 3X 4-1 pas 2X ¢-2 
or zero whichever is greater. 
That is, the price at day ¢ will be 100 less one- 
half the amount supplied on day t, less three- 
tenths the amount supplied on day ¢-1 and 
less two-tenths the amount supplied on day 
t-2. Thus the more that is supplied currently 
and in the past two periods, the lower will be 
today’s price. Revenues are: 

(2) TRi? = P,X{” 
that is, total revenue to firm 7 is the market 
price multiplied by the amount the firm sup- 
plies on day ¢. Costs for firm 7 are given by: 

(3) TC? = a® + BOX}? + cH[LXY 2 
The relationship between output and cost is 
shown qualitatively in graph 1, “total cost’’; 
and graph 2, “average cost.’’ Profit of firm i 
by which its performance will be measured is 
simply revenue less cost or 

(4) wi? = TR; = TC?”. 

Play takes place as follows: 

Each player knows the true market demand re- 
lationship (1) and the cost function for his own 
jirm (3). 

At the beginning of the game initial values for 
past supply and price are known to all players. 

At the start of each day, t, each player selects 
an amount, X{”, which he will supply on that day. 


Total Cost 
(i) 








i 
x(t) 


0 Output 


GrapuH 1. Total Cost. 








Total Cost 


x(4) 











| 


0 Output 
GrapuH 2. Average Cost per Unit. 


This is communicated to the market (umpire) 
and the price P,; is determined. Each player is 
then informed as to the values of market price, 
total amount supplied and his profit for the day. 
The process is repeated for day ¢ + 1. 

All firms have the information up to this point. 
A supplement follows containing additional in- 
formation for you alone.® 


OUTCOME OF THE EXPERIMENT 


The time paths of the output variables 
for the firms and the industry are shown in 
Figures 4, 5 and 6. Industry outputs seem to 
be in damped, irregular oscillation about 
short-run Cournot levels. Mean outputs in 
each industry do lie closer to the short run 
Cournot rather than the long run Cournot 
equilibrium level (see Figure 7), but it can- 
not be determined whether the system would 
have come into equilibrium there if play had 
continued. (Industry I is very close to an 
equilibrium of a mixed kind with the middle 
firm long-run and other firms short-run.) 
The nine individual firms, as one might have 
conjectured, tend to stray a bit farther from 
the predicted levels than do the three in- 
dustries. Generally the large firms have lower 
mean outputs than forecast. 

Discussions with the players after the 
games were over revealed that all of the 
players were highly involved in the game 
(they were disappointed that differences in 
cost functions prevented clear cut ranking 
of players in terms of performance.) We thus 


6‘ Ed. note: The supplement stated the initial 
conditions of the industry and parameter values 
for the firm. 


Austin C. HoGeatr 
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Fic. 4. Observed Time Path of Output 
for Industry I. 
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Fig. 5. Observed Time Path of Output 
for Industry II. 


have evidence that we have a type of situa- 
tion for studying behavior in which persons 
can be highly motivated. However, success 
in the research use of these experimental 
games will require careful attention to the 
problems of experimental control. 

Our main interest in the game was to test 


the Cournot model as a predictor of the out- 
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Fic. 6. Observed Time Path of Output 
for Industry III. 
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FIRM] SMALL | MIDOLE | LARGE | py 
INDUSTRY 
INDUSTRY 
I 9.08 | 1086 | 14.70] 34.64 
n 8.86 | 13.39 | 13.46 | 35.71 
m 9.25 | 12.10 | 13.07 | 34.42 
BY 
TYPE OF} 905 | 1202 | 13.86 | 34.94 
FIRM 























NUMBER OF MOVES: INOUSTRY I + 20 
INDUSTRY IL? 16 
INOUSTRY I= 13 


* EXCLUDING INITIAL OUTPUT 


Fic. 7. Means of Observed Outputs in the 
Experiment (Excluding Initial Output). 


come of group behavior in a simulated eco- 
nomic situation. However, the Cournot 
model subsumes rules concerning individuals’ 
behavior responses within the situation and 
does not merely consist of a statement of 
structural properties divorced from individ- 
ual intensions or decisions. 

Who won any particular game is unim- 
portant, but cumulative profits of individual 














FIRM] smatt | mipove | carce | TOTAL 
FOR 

= INDUSTRY, 
I 227.71 |260.60 | 60368 |1091.99 
pia 115.77 1250.78 | 316.76 | 683.31 
m 27709 | 44744 | 410.55 |1135.08 























Fie. 8. Accumulated Profits at Move 13 
by Firm and Industry 


managers of firms of the same size show sub- 
stantial differences for the three industries, 
as shown in Figure 8. These are partly due to 
the fact that an individual’s profits are 
jointly the result of his skill and strategy and 
the behavior of the other players in his own 
industry, but the observed differences are 
surprisingly large in view of the homogeneity 
of the nine players with respect to training 
and interest in problems of this sort. In 
general, aggregate profits are related di- 
rectly to cost advantage with one exception 
and that is in Industry III where the middle 
firm has greater profits than the large firm. 
A glance at Figure 6 will suggest the explana- 
tion that during the moves 1-4 the large 
firm was trying to lead the others toward re- 
duced output levels. The other firms did not 
come along and the large firm was forced to 
retreat from this attempt in the face of ad- 
verse profits. In the meantime the middle 
size firm achieved a profit position which 
could-not be overtaken before the end of the 
game. A post game conference with the 
manager of the large firm confirmed this ex- 
planation. 

The above explanation of a deviation of 
cumulated profits from predicted norms is 
restricted to the player’s observation of the 
import of his strategy (and the refusal of 
other participants in his situation to cooper- 
ate with that strategy). Many other possible 
determinants. of individual behavior were 
not subjected to direct observation in this 
experiment, nor did they enter into the 
model which determined the structure for 
prediction. Some of these potential deter- 
minants are: 

(1) Intellectual capacities—both in terms 
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of standard psychological measures and, 
possibly, in terms of problem-solving skills 
in multi-person situations for which quanti- 
tatively-measured behavior responses are re- 
quired.’ 

(2) Individual learning. We have not yet 
explored possible applications of learning 
theory models to this type of experimental 
situation.® 

(3) Individual personality attributes, such 
as might be measured on scales of dominance- 
submissiveness, etc.’ 

(4) Sociological referents of the individual, 
including age, sex, education-level, occupa- 
tion, etc. 

Research on these determinants can be 
undertaken either by regarding them as cor- 
relates of behavior in game situations having 
known economic interpretations, or by build- 
ing new predictions of behavior which in- 
corporate these kinds of variable explicitly, 
and comparing their predictive power with 
that of the well-developed economic models. 
For example, notice that the observed oscilla- 
tion in outputs is, both in amplitude and 
period, much greater than that for the Cour- 
not Behavior Model. Economic theory does 
not easily yield an explanation of this 
phenomenon (the period exceeds the 2 period 
lag in our demand function). What are the 
relevant variables, and how can they be em- 
ployed to obtain an explanation of this 
phenomenon? 

Enough is known about the economic anal- 
ysis of these competitive situations to permit 
very fine modifications of economic structure 
of the experiment. For example, it appears 


7 Professor Jacob Marschak has remarked on 
the potential importance of a special skill of this 
kind as a factor in successful economic and busi- 
ness behavior. 

8 Professor Flood has suggested using his learn- 
ing model (Flood, 1954) to try to explain our data. 

® Analysis is now under way of the results of a 
static duopoly game experiment which was run 
during the summer of 1958 by Professor Sarbin 
with the assistance of T. R. Sarbin, Jr. The sub- 
jects were students in a psychology course. Indi- 
vidual behavior was first categorized in terms of 
economic decision rules which would be imputed 
to the player’s path of actions. Then, correlations 
were sought between these imputed decision rules 
and certain personality attributes as measured in 
standard psychological tests. The preliminary re- 
sults are not encouraging. 
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that the information structure of our game 
prevents the restrictive outputs which typi- 
cally result when there is collusion among the 
firms in an industry. Assuming that this cap 
be established in further trials with this game 
and, of course, with a broader class of sub- 
jects than “Professors of Business Adminis- 
tration,” then it would be of interest to see 
whether or not any of the present restrictions 
can be relaxed and still keep the industry at 
or near Cournot levels. 

This study might proceed in stages. First, 
relax restrictions (c) and (e) so that the num- 
ber of competitors and their cost functions 
are known; second, relax restriction (h) so 
that individual firm’s outputs are known to 
all firms; third, relax (g) so that proposals 
for cooperation can be sent between manag- 
ers (this raises the question of enforcement). 
In play with an information structure of this 
latter type, some sort of cooperation may 
develop which reflects itself in outputs for 
the industry lower than those of short-run 
Cournot equilibrium. 

Furthermore, a stochastic reformulation 
of the model in Section 1.3 is now in the 
making. This will lead to systems of sto- 
chastic difference equations related to equa- 
tions systems (8) or (10) but containing 
random variables which are introduced via 
assumptions about random componentsof be- 
havior. By employing statistical techniques 
which apply for time dependent systems" we 
can then seek to measure these variables 
from observations or perform statistical tests 
of hypotheses concerning behavior parame- 
ters of the system. . 

Other well developed models besides these 
of oligopoly theory suggest themselves as 
candidates for study. In the model reported 
here, the players’ goals are conflicting. Pro- 


10 The players in Industry I were invited to 
continue play on a face to face basis following the 
last move of their game. A lack of a means of en- 
forcing restrictive agreements together with lack 
of certainty as to which firms were failing to live 
up to agreements led to a chaotic situation in the 
market in which punitive strategies prevented 
lower industry outputs from being realized. The 
results are still too fragmentary to warrant de- 
tailed reporting at this time. 

1! The least squares estimator for the param- 
eters of a system which generated the data of 
Figures 3, 4, 5 is known to be biased. 
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fessor Marschak’s theory of teams, where 
overt conflict in goals between players is 
missing, provides us with another family of 
models for structuring games which include 
features of group cooperation explicitly. 

In summary, experimental researchers in 
the behavioral sciences can profit by the use 
of games which yield to economic analysis, 
because the latter provides much in the way 
of predictive precision. Many possibilities 
exist for constructing and comparing alterna- 
tive prediction models which incorporate 
mixtures of economic variables (drawn from 
the explicit experimental structure) and 
variables relating to other determinants of 
behavior. The study of these interdiscipli- 
nary situations is just beginning. 
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UTILITY® 


by Patrick Suppes and Karol Walsh 


Stanford University 


THE MODEL 


HE experiment described in this paper 

was constructed to measure the utility, 
to an individual, of small amounts of money', 
and to predict on the basis of the measured 
utilities of these offered amounts the indi- 
vidual’s future choices with respect to similar 
offers of money. The experimental design is 
based upon previous work done by David- 
son, Suppes and Siegel (1957), but no famil- 
iarity with that work is presupposed. 

The model described here is designed to 
eliminate a specific criticism raised against 
the linear-programming model, discussed in 
Chapter III of Davidson, et al (1957). The 
criticism, which will be explained in detail 
after the basic structure of the present model 
has been outlined, is that the linear-program- 
ming model leads to a violation of the sure- 
thing principle, that is, it permits the choice 
of an action which, whatever the state of 
nature, is no better than, and for at least 
one state of nature is not as good as, a sec- 
ond action which is available. Put another 
way, the purpose of the present paper is to 
offer a non-linear model for measuring utility 
which has the following desirable property: 


* Herman Rubin contributed substantially to 
the formulation of the model basic to this paper. 
We are also indebted to Jacob Marschak for sev- 
eral constructive criticisms of an earlier draft. 
The experiment reported here was supported 
under Contract NR 171-034, Group Psychology 
Branch, Office of Naval Research. 

1The model also applies when outcomes are 
not monetary. 
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When a person has to choose between two or more situations, each in- 
volving certain risks, he presumably weighs the chances of the possible out- 
comes against the “worth” of these outcomes to him. His estimation of the 
chances is governed by his “subjective probabilities,” his relative preferences 
for the outcomes by his “utility function.” This paper explores ways of esti- 
mating the latter so as to predict individuals’ choices among various bets, 
assuming the chances are known. 


A NON-LINEAR MODEL FOR THE EXPERIMENTAL MEASUREMENT OF 


it is compatible with imperfect discrimina- 
tion but at the same time incompatible with 
any violation of the sure-thing principle. 
Because this seemed the best approach, 
the structure of the model is presented be- 
low in terms of the basic experimental situ- 
ation (to be described in more detail in the 
next section). Seven values (small amounts 
of money) a, b, c, d, e, f, and g are chosen, in 
ascending order, and offers are given the 
subject in the form of a game matrix: 








A B 
2. 1 Zz 
| 
y | w 











where x, y, z and w range over the selected 
values with the restriction that x > z > 
w > y. From seven original values, 35 offers 
of the above form can be generated. (The 
general combinatorial formula is e where n 
is the number of original values chosen). 
The subject is instructed to choose a column, 
A or B, which is called an option, and then 
the row value is decided by the throw of a 
fair die.2 It is assumed that the subject will 
choose that option of the two whose ex- 

2 By a procedure to be described later, the sub- 


ject is assured that the probability of obtaining 
either row value is 14. 
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pected value is larger. Thus from a subject’s 
choice, say A, an inequality of the form 


(1) u(x) + Zu(y) > gu(z) + du(w) 


results, where wu is the subject’s utility func- 
tion. Inequality (1) says, simply, that the 
expected value of option A is greater than 
or equal to the expected value of option B. 
Thirty-five such inequalities are obtained, 
one for each choice of an offer. The 3’s cancel 
out, and for further work the inequalities 
are converted into equivalent interval in- 
equalities of the form 


(2) u(x) — u(z) > u(w) — uly). 


The quantity u(x) — u(z) represents a 
“utility interval,” the difference to the sub- 
ject between the utility of the offer x and 
the next closest value in the inequality, z. 

From the seven strictly ordered values a, 
b, c, d, e f and g, there result six atomic 
intervals, a, 8, y, 5, « and x, as described in 
the figure below: 


a et ete | 
ei: ae ee Ry a se 





Thus the inequality 

(3) u(c) + u(d) > u(a) + u(e) 
may be expressed as 

(4) u(c) — u(a) > u(e) — u(d) 
and finally as 

(5) a+ B26. 


In general the 35 inequalities resulting from 
the subject’s responses do not have a solu- 
tion. A solution may be obtained if the 
inequalities are modified as follows: the 
larger side of each inequality is multiplied 
by the minimum positive quantity n, 7 > 1, 
such that a solution of the inequalities exists. 
Thus all inequalities like (5) are written as 


(6) na + nB > 6. 


The existence of a unique minimum 7 is 
easily proved; in the experiment discussed 
in this paper for each subject an 7 was used 
which was within .1 of the minimum. In 
finding a solution for the atomic intervals, 
the normalizing restriction was made that at 
least one interval be equal to one. Un- 
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Utility 











Fig. 1. Utility Curve for Subject #4. 


fortunately, as is usually the case with 
inequalities, the solution is not unique; here 
the set of solutions is a convex polyhedron. 
Due to limited computational facilities, the 
first solution found had to suffice, with the 
exception of one subject. 

Using the interval values obtained, a 
utility curve is constructed for each subject, 
with monetary values plotted on the abscissa 
and utility values on the ordinate. Figure 1, 
which is the graph for Subject No. 4, is 
typical.* Using these graphs, predictions are 
made for another set of alternatives, similar 
to the first in form but containing many 
other values besides the original seven. In 
other words, these graphs provide a means 
of linear interpolation from the utilities of 
the seven original values to other values 
given in the “prediction sessions.” The 
solutions obtained for the intervals a, 8, y, 
5, « and «x indicate how far apart the seven 
given values are in utility (with respect to 
an arbitrary unit) and from the graph ob- 
tained from this information the relative 
utilities of other values can easily be found. 

The basic hypothesis of the model can be 
stated as follows: Let x, y, z and w be four 
amounts of money such that zr > z > w > y 
and let the given options be A = (z, y) and 
B = (z, w). Then if a = u(x) — u(z) and 
B = u(w) — u(y) are two intervals resulting 
from the options and a/8 > 7, the option 
chosen must be A = (z, y); if B/a > n, the 


3 However, shapes of the graphs varied consider- 
ably from subject to subject. 
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option chosen must be B = (z, w). If a/B < 
n and B/a < 7», then the choice is said to be 
probabilistic, i.e., it is predictable only in 
the sense that it satisfies the following two 
postulates: 


(i) if u(x) — uz) > uw) — uly), 
then P(A) > P(B), 
and 
(ii) if (u(z) — u(z))/(u(w) — uly)) <2, 
then P(A) < 1, 


(where P(A) is the probability that option 
A will be chosen). The postulates seem 
intuitively satisfactory. The first says, sim- 
ply, that if the utility of option A is greater 
than or equal to the utility of option B, then 
the probability that option A will be chosen 
is greater than or equal to the probability 
that B will be chosen. Postulate (ii) says 
that if the utility ratio of option A to option 
B is less than or equal to 7, then the prob- 
ability that option A will be chosen is less 
than one. It is implied that as the ratio gets 
larger the probability that A will be chosen 
approaches one. 

Before the rationale of making predictions 
is discussed, two remarks may be made 
about the non-linear model just outlined. 
First, an important property of this model 
is that » is invariant under a linear trans- 
formation of the utility function. For this 
reason it is meaningful to compare the 7 
values of different individuals. If, for ex- 
ample, 7 < m2 it makes sense —- say that 
individual 1 is more discrin. ating than 
individual 2. In fact, not only more dis- 
criminating, but more rational; for it would 
not be difficult to construct a two-person 
game in which 1 would have a clear ad- 
vantage over 2 because of his finer dis- 
criminating ability. (A similar kind of 
example is discussed in detail in von Neu- 
mann and Morgenstern [1947, pp. 614-616].) 
For obvious reasons we call » a discrimina- 
tion parameter. It should be clear that dis- 
crimination is perfect if and only if » = 1. 

Second, the non-linear model meets and 
eliminates the criticism raised against the 
linear-programming model of violating the 
“sure-thing” principle. An example may be 
used to illustrate the problem and show how 


the non-linear model succeeds where the 
linear model does not. The essential dif- 
ference between the linear and non-linear 
models is that in order to obtain a solution 
for a set of inequalities the first model adds 
the minimum constant 6, @ > 0, to the 
larger side of each inequality to make a 
solution possible‘ instead of multiplying by 
the minimum positive constant 7». Suppose, 
then, that the linear model is applied, and 
the following results are obtained (where u is 
the subject’s utility function): 


u(50¢) = 49 
u(45¢) = 46 
u(—45¢) = —47 
u(—50¢) = —5l 

6=8 


Then since 
(7) wu(45¢) + u(—50¢) 
+8 > u(50¢) + u(—45¢) 


the linear-programming model predicts that 
with probability greater than zero, the 
subject will choose option B when the 
options are: 








A B 
50¢ 45¢ 
—45¢ —50¢ 














where the subjective probability of each 
row is 1/2. Such behavior seems extremely 
unlikely, since a person with any intelligence 


would immediately choose more money | 


(option A) rather than less. 

But suppose the non-linear model is ap- 
plied to the above example. Then if the 
same absurd result were to hold, it would 
follow that, for some 7, 7 > 1 


(8) n(u(45¢) — u(50)) 


> u(—45¢) — u(—504), | 


‘To find a minimum @ is to minimize a linear 
expression, @, subject to linear inequalities. This 
is called a linear programming problem; hence our 
designation of the model. To minimize 7, on the | 
other hand, is to minimize a linear expression sub- 
ject to non-linear inequalities. 
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or 

(9) (46 — 49) > —47 — (—51) 
or | 

(10) —3n 2 4, 


which obviously cannot be true for any 
positive 7. It is easily seen that the same 
result would obtain whenever A = (2, y), 
B = (z, w), and x > z, y > w. Thus under 
the non-linear model, it can be concluded 
that the choice of an option like B above 
ean occur only with probability zero, which 
result satisfies intuitive demands. 

The reason that the @ solution was ap- 
plicable to the linear-programming experi- 
ment of Davidson, et al. (1957) and not to 
the present one is to be found in the fact 
that in the former experiment the items 
offered as outcomes were phonograph rec- 
ords, not amounts of money, and although 
some might feel the necessity for it, there 
is really no objective principle, similar to the 
one that a rational person must prefer a sure 
gain of more money to less money, which 
says that an option consisting of music by 
Bach and Corelli should be preferred to one 
consisting of works by Bartok and Stra- 
vinsky. However, it might reasonably be 
argued against the applicability of the @- 
model, even to choices among phonograph 
records, that if a subject strictly orders six 
records in preference a, b, c, d, e and f (f the 
highest) and if options (e, f) and (c, d) are 
offered him, then he should be judged just 
as irrational in choosing (c, d) as in choosing 
the corresponding (45¢, —50¢) as opposed 
to (50¢, —45¢). 

As indicated by the model, three kinds of 
predictions are made: (1) using 7, (2) with- 
out » and (3) stochastic, or probabilistic, 
predictions. For illustration, again let x, y, 
z and w be amounts of money such that 
t>z>w> y and let option A = (zg, y) 
and option B = (z, w). Predictions of the 
first kind are performed as follows: The ratio 
(u(x) — u(z))/(u(w) — u(y)) is found, call it 
a/8. Then the three mutually exclusive and 
exhaustive possibilities are: 


(a) if a/8 > n, option A is predicted, 

(b) if B/a > n, option B is predicted, 

(ce) if a/B < n, and B/a < », then the 
prediction is probabilistic. 


Predictions of the second kind fall into the 
following three categories, also mutually 
exclusive and exhaustive: 


(a) if a/B > 1, option A is predicted, 

(b) if 8/a > 1, option B is predicted, 

(c) if a/8 = 1, then the choice is inde- 
terminate. 


Predictions of the third kind are made for 
those cases in which the ratios a/8 or B/a 
(whichever is larger) are less than or equal 
to ». Each 7 is partitioned into three in- 
tervals:5 


(1, 1 + (1/3) (» — 1) 
[1 + (1/3) (@ — 1), 
[1 + (2/3) (n — 1), 9] 


and the relative frequency of correct predic- 
tions to the total number of predictions in 
each interval is computed. (The choice 
predicted in each case is the option having 
the greater utility.) It is expected, as a result 
of the probabilistic postulates, that each 
successive. interval will contain a larger 
number of correct predictions than the 
preceding one. In other words, as the ratio 
of a to B becomes larger (but not larger than 
n) it is assumed that the option with the 
greater utility will have a greater probability 
of being chosen. 


1 + (2/3) (9 — 1)) 


EXPERIMENTAL PROCEDURE‘ 


The subjects were eight randomly chosen 
sailors from Moffett Field Air Base. At the 
beginning of the first session the subject was 
told that he was being asked to participate 
in a “gambling” experiment whose purpose 
was to give some insight into the manner in 
which people make choices involving various 
offers of money. The subject was given $2.00 
credit to assure him that he would not lose 
any money in the experiment. He was told 
that he would be allowed to keep whatever 
amount of money he won during the six 
sessions of the experiment and that in 
previous runs the average profit to a subject 


5 The choice of three intervals rather than some 
other number was determined by the number of 
observations available. 

* For a detailed description of a similar experi- 
mental design see Chapter II of Davidson et al., 
(1957). 
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for two hours of play (six sessions)’ was 
about $2.50. 

The subject was assured that the experi- 
ment was strictly descriptive, i.e., that its 
purpose was to indicate how people do act 
under certain conditions, not to measure, 
according to some norm, a particular sub- 
ject’s actions. It was remarked, also, that 
the results of the experiment would remain 
confidential, and each of the subjects was 
asked not to discuss the experiment with 
any other person who might also be par- 
ticipating in it, since each person was to be 
tested separately, and independent results 
were desired. 

After these general remarks had been 
made, the subject was given a trial set of 
alternatives similar to the following example: 








A B 
203 a ol 
| Ey | —4¢ | 6¢ | 





He was told to pick column A or column B. 
Then a die with nonsense syllables ZOJ or 
ZEJ, each appearing on three sides, was 
tossed by the subject from a shaker box to 
determine the actual outcome. This par- 
ticular die was systematically alternated 
with two others having different nonsense 
syllables on their faces. 

Several trial alternatives similar to the 
above example were given to make certain 
that the subject understood the game and 
that he had a subjective probability of 1/2 
for the chance events ZOJ and ZEJ (for the 
latter hypothesis choice of option A was re- 
quired in the above example). Then the 
subject was asked if, in order to save time, 
he would not like to run through the rest of 
the alternatives (these were the real ex- 
perimental ones) choosing all his options, A 
or B, first and tossing for his wins later. He 
was told that he would not be able to toss 
for all the options presented—this would 


7 Actually the results of only four sessions, the 
first two and the last two, were used to test the 
above-described model; results of the other two 
sessions were for a model designed to measure 
utility of gambling (See Royden, Suppes, & Walsh, 
1959). 


take too long—but that he would be allowed 
to pick ten numbers at random from an 
envelope containing as many numbers as 
there were offers in the session, and that he 
could roll the die for these ten options. Thus 
the six sessions were run, the subject choos- 
ing his options first and tossing for them 
later. All eight subjects returned for their 
six sessions, 

In outline, these were the actual mechanics 
of the experiment. A word now about the 
values offered and how these were de- 
termined. The amounts —39¢, —23¢, —10¢, 
2¢, 13¢, 27¢ and 42¢ were the values chosen 
to be paired in various combinations of 
offers for the first two sessions. The first 
two sessions formed the part of the experi- 
ment from which the utility curves and 
discrimination parameters were obtained. 
The fifth and sixth sessions formed the part 
whose choices of options were predicted on 
the basis of information obtained from the 
first. part. 

The options of the first two sessions were 
chosen in the following manner: The letters 
a, b, c, d, e, f and g were selected to represent 
the values —39¢, —23¢, —10¢, 2¢, 13¢, 27¢ 
and 42¢ respectively. Then a lattice was 
constructed as follows on the basis of transi- 
tivity and the sure-thing principle: 


: aa 
ae bb 
JK, be 
ae bd cc 
ei Spe od 
dd 
w Nig "Sad ce Sack 
ca. al ee 
me Z « 
fg 
9g 


and each pair of values on the lattice was 
combined with all other pairs of values 
which could not be reached by an ascending 
or descending line from the pair in question 
[For example, be was taken with af and cd 
to form the alternatives (—23¢, 13¢) and 
(—39¢, 27¢), and (—23¢, 13¢) and (—10¢, 
2¢).] All “non-gambles,” that is, offers of 
the form: ad with bb or ad with cc were 
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eliminated. Seven randomly chosen offers 
were repeated, and all offers, totalling 42, 
were presented in random order to the 
subject. The 70 pairs of options in the 
“prediction” part of the experiment were 


-eomposed in a manner similar to the first— 


no option dominated, or was greater than or 
equal in both values to both values of its 
companion—but many more values were 
used. 


RESULTS 


In Table I(a) are recorded the actual 
number of utility predictions which were 
correct, within 7, and wrong for each sub- 
ject. There are only 53 wrong, out of 560, 
as opposed to an expected 280 if predictions 
had been made by chance, and there are 128 
correct. As might be anticipated, subjects 
with smaller 7’s (Ss 1, 2 and 4) had the 
greater number of right predictions. This 
outcome agrees with the interpretation of 7 
as a measure of discrimination. In Table 
I(b) are summarized the results of predic- 
tions made without 7 but using the utilities 
read from the subjects’ graphs (type 2 
predictions, described earlier). 

The results of Table I are compared to 
what are called ‘actuarial’ predictions, 
recorded in Table II. These predictions are 
computed in the same way as the utility 
predictions made with and without 7 [Table 
II(a) and Table II(b)], using as “utility 
values” the offered amounts of money them- 


TABLE I 
PREDICTIONS MabE USING SUBJECT’S 
Utintity FuNcTION 





























| (a): with n (b): without 7 
Subject | ‘ wre ‘ n W 
|" | Speake] within! ‘Bren Gorse! ters | Pres 
tions tions | tions vals Sane 
| 
ES Ets eaeee ak eee 
44-1 0 | Ot €) eT. 8 
2 {1.0 | 35 | 14; 21 | 35 | 14 | 21 
3 11.9 8 | 57| 5 | 31 | 3 | 36 
14.2 |..@ 9/19 | 45 | 0 | 2 
5 | 1.9 4 | 6| 1 | 46 {|1 | @ 
oe 4.8 0 | 67} 3 | 29 | 4 | 37 
sot! I Se ce ae, Te SS 
8 | 1.9 Fete ee Gos oe 37 
Totals 128 | 379 | 53 | 306 | 32 | 222 


























TABLE II 
PREDICTIONS MapE UsinG ACTUARIAL VALUES 
(a): with 9 (b): without 
Subject . 

Correct} _-,,.. | Wrong | Correct Wrong 

- th ’ e Equal 1 
Prete a | Tietic-| Predie- | rntervate| Brodie 

1 1 69 0 31 14 25 

2 35 14 21 35 14 21 

3 0 70 0 32 14 24 

4 3 61 6 30 14 26 

5 0 70 0 33 14 23 

6 0 70 0 35 14 21 

7 0 70 0 32 14 24 

8 0 70 0 29 14 27 

Totals | 39 | 494 27 257 112 191 




















selves instead of the corresponding utility 
values interpolated from the graphs. For 
example, for the following offer A: (2¢, 
—10¢) and B: (17¢, —23¢), the differences 


—10 — (23) = 13 and 17—2= 15 
instead of 
u(—10) — u(—23) and u(17) — u(2) 


would be computed and the ratio 15/13 
compared to 7, if the prediction were to be 
made using 7, and compared to 1 if the 
prediction were to be made without 7. 

It is immediately noticeable that the use 
of actual monetary values as utilities fails to 
provide a sensitive enough scale for effective 
predictive results. The data of Table II(a) 
show that almost all predictions fall within 
n, (all but 10 in fact), if subject #2 is ex- 
cluded. Further, a comparison of Table I(b) 
to Table II(b) shows that the utility model, 
without using 7, yields 306 correct predic- 
tions to the actuarial model’s 257, and 222 
wrong predictions to the actuarial model’s 
191. This is a gain of 49 in correct predictions 
as opposed to a loss of 31 in wrong predic- 
tions. 

In spite of the sizable discrimination 
parameters of some of the Ss (n = 1.9 for 
Ss #3, 5, 8), only one of the eight (#2) had 
a utility function which was linear in money. 
It is slightly puzzling that #2 gave perfect 
actuarial responses in the first two sessions 
but not in the final two predictive sessions, 
as may be seen from Table II. 
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For a more careful comparison of the 
utility and actuarial models it is natural to 
consider the prediction data of Tables I(b) 
and II(b), since the actuarial model made 
essentially no clear predictions when the 
discrimination parameter was considered. 
We want to test the null hypothesis that the 
predictive worth of the two models is the 
same when 7’s are ignored. The basic idea 
of the test we use is to tabulate the predic- 
tive disagreements of the models for each 
subject, then to find for each subject the 
significance level for rejecting the null hy- 
pothesis, and finally to combine these sig- 
nificance levels and apply a x? test. Ap- 
propriate references to the literature for this 
kind of analysis are Mosteller and Bush 
(1954) and Moses (1956). Since such tests 
are not completely standard, we give a 
certain amount of detail. (See also our 
previous discussion in Royden, et al. 1959.) 

For each subject the 70 predictions for the 
two models were compared. Offers for which 
the models made the same prediction were 
deleted. Any remaining offer for which the 
utility model predicted the correct choice 
and the actuarial model predicted the in- 
correct choice or a tie was assigned a plus 
(+). An offer for which the utility model 
predicted a tie and the actuarial model a 
loss was also assigned a plus. Offers for 
which the roles of the actuarial and utility 
models were reversed in the above descrip- 
tion were assigned a minus (—). The data 
are tabulated in Table III. Let p be the 
probability of a plus. For each subject an 
exact significance level was found for the 
null hypothesis that p = .5 against the 


TABLE III 


PREDICTIVE DISAGREEMENT OF UTILITY AND 
ACTUARIAL MODELS 


Patrick SuPPES AND Karot WALSH 


alternative that p > .5. A one-sided test 
was used to provide.a clear basis for com- 
bining significance levels. (A two-sided test 
does not properly take account of varying 
directionality of results.) A similar one- 
sided test was run against the hypothesis 
that p < .5. 

The seven significance levels for each one- 
sided .test were now combined. Since the 
distributions which gave rise to the in- 
dividual significance levels p(X,) are not 
continuous, rather than use Fisher’s statistic 


7 


(1) D, — 2 log p(X;), 


t=1 


following the suggestion of Moses (1956), 
Lancaster’s statistic 


(2) > —2 log c= + p(Xi+ ») 





2 


was used, where X, is the observed number 
of +’s. Statistic (2) is approximately dis- 
tributed as x? with 14 degrees of freedom. 
The results are as follows. Against the 
hypothesis that p > .5, x? = 32.48, which 
for a two-sided test is significant at the .01 
level. Against the hypothesis that p < .5, 
x? = 20.98 which (for a two-sided test) is 
significant at the .2 level. Two-sided tests 
were used on the combined results because 
there is no real a priori basis for fixing on a 
directionality. The combined significance 
levels obtained from the two tests indicate 
clear predictive superiority for the utility 
model. The unusually good predictions for 
subject #1 are the main factor in establish- 
ing this superiority. It is worth remarking 
that if both tests had resulted in a significance 


TABLE IV 
PROBABILISTIC PREDICTIONS 











Subject (Uulity) (Actuarial) runs Subiect gd Ty GEG | OTIS 
1 35 8 15 1 70 66 91 
2 _ — — 2 an on _ 
3 10 16 12 3 63 88 50 
4 27 18 21 4 50 ies 33 
5 20 14 14 5 39 50 50 
6 14 26 19 6 47 35 50 
7 ll 21 15 7 48 44 50 
8 15 19 17 8 44 59 50 
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level <.05 the proper interpretation would 
seem to be that subjects should be divided 
into two subsets according to which model 
they most nearly satisfy, and no assessment 
of the over-all relative predictive worth of 
the two models should be attempted.® 

The most obvious objection to the statisti- 
cal analysis just made is that the 70 predic- 
tion observations on each S are surely not 
independent. On the other hand, since the 
70 offers were all different, strong negative 
or positive recency effects should not be 
observed. Speculation aside, one partial test 
of independence is a count of the number of 
runs of +’s and —’s. If Ss are using some 
computational or strategic device over 
several trials (i.e., offers), one would expect 
the number of runs to be less than would be 
anticipated on a random basis. For each S 
we tested the null hypothesis that the +’s 
and —’s are randomly distributed against 
the hypothesis that there are too few runs. 
The observed number of runs for each S is 
given in Table III. The significance levels 
obtained were combined, using statistic (2) 
described above. The obtained result was 
x3, = 10.68, which for a one-sided test is 
significant at the .75 level. This result sup- 
ports the hypothesis of independence. 

In Table IV are found the results of 
checking the two probabilistic postulates on 
the discrimination parameter. Unfortu- 
nately, the data do not support these 
postulates. The predictions in Table IV were 
made by dividing the interval ratios which 
were <n for each subject into three sets in 
the manner previously described. The option 
resulting in the larger utility interval was 
predicted as the subject’s choice. In each 
cell of Table IV is recorded the ratio of 
correct predictions to the total number 
falling within the indicated interval. The 
result expected and desired was a rise from 


8 If an external criterion can be found to_pro- 
vide a foundation for dividing Ss into two appro- 
priate subsets, the comparison is more interesting. 
An example of this is given in Royden et al., (1959). 


.5 (which would be anticipated assuming 
pure chance) in the lowest interval [1, 1 + 
(1/3) (» — 1)] to some frequency close to 1 in 
the third interval, since at this point the 
numerator would be almost large enough to 
make the utility ratio greater than 7 and 
hence lead to sure prediction. But only 
subject #1 comes close to giving an indica- 
tion of the result expected, with values of: 
.7, .66, .91. 13 out of the 21 cell ratios were 
found to be greater than .5, which figure can 
be accounted for on the basis of chance 
alone. 

It is worth noting that a pair of similar 
probabilistic postulates for the linear pro- 
gramming model described in Chapter III 
of Davidson, et al. (1957) were more satis- 
factorily verified. : 
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CORRECTION 


The January 1959 issue of Behavioral Sci- 
ence contained an article on a related subject 
by Royden, Suppes, and Walsh. The atten- 
tive reader of that article must have been 
puzzled vy a contradiction between the au- 
thors’ introductory paragraph on page 11 
and Footnote 2 attached to it. The footnote 
was an editorial comment but, owing to an 
oversight, was not designated as such. 
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When you hear people say “Senator Claghorn wields a lot of power in the 
government,” just what is meant by this assertion? Can power be quantita. 
tively defined and measured? The concept of power, explored by Robert 
Dahl in this journal in 1957, is here reviewed with emphasis on the difficul- 
ties of defining power operationally. 


SCALE POSITIONS AND “POWER” IN: THE SENATE 


by Duncan MacRae, Jr. and Hugh D. Price 


University of Chicago and Columbia University 


HE measurement of power constitutes a 
vital but unsolved problem in the anal- 
ysis of political behavior. A prerequisite to 
measurement is clear definition, agreeing 
with the customary use of the word; this 
part of the task has been furthered by Dahl 
(1957) in a recent paper. But as he states, 
“the particular operational means selected 
to breathe life into the ... concepts. . . can 
produce rather different and even conflicting 
results.”’ (1957, p. 210). The aim of the pres- 
ent paper is to emphasize the difficulty of 
defining power operationally, by showing 
certain spurious effects in the operational 
definition used by Dahl as an illustration, 
and to suggest a further line of investigation. 
The power of A over a with respect to a 
given scope of responses x by a to action w 
of A, according to Dahl’s definition, is the 
difference of two probabilities: the proba- 
bility that a will do x if A performs the act 
w, minus the probability that a will do x if 
A doesn’t do w. In symbolic terms, the 
power M of A over a is 


M (¢ :w,2) = P(a,x| A,w) 
— P(a,x|A,@).’ 


Dahl gives the result of a study by Dahl, 
March, and Nasatir (1956) applying this 
definition (in modified form) to Senate votes. 
In this application, a is not another individ- 
ual, but the Senate as a whole, of which A 
is a member. The “‘power’’ being assessed is 
that of A over the passage or non-passage of 





* The authors are grateful to Robert A. Dahl 
for criticism of an earlier draft of this paper. 
1 See Dahl (1957, p. 205.) 


measures by the Senate. Instead of the dif- 
ference of probabilities between A’s acting 
and not acting, this application uses the dif- 
ference between the proportions of bills 
passed when A favors and when A opposes 
them. As an approximate indicator of A’s 
action—which is considered to influence the 
Senate decision—his recorded vote on the 
measure in question is used. 

The use of A’s vote on a roll call as an 
index of A’s prior position and activities, 
however, leads to the measurement of some- 
thing that may be quite different from M, 
and from what is usually called influence. 
For although in most cases it is reasonable 
to assume that A’s vote corresponds to his 
activities before the vote was taken, this as- 
sumption must be made for all Senators and 
not just for A. This gives no logical basis for 
any measure‘ of change in attitude; for if all 
voting “yea” are presumed to have favored 
the measure previously and worked for its 
passage (and the converse for ‘‘nays’’), then 
there is no opportunity for anyone to exercise 
any “power” to change anyone else’s stand. 

In this conversion of the definition to 
operational form, pairs of Senators are com- 
pared, and an overall ranking of Senators is 
derived from these comparisons. The modi- 
fied concept of ‘“‘power’’ thus arrived at is no 
longer the difference that A’s stand makes 
as to the passage or defeat of a single bill, 
but rather a sort of comparative batting 
average for pairs of Senators, indicating in 
relative terms how often the majority voted 
the same way as a given Senator did. This 


2A related sort of “batting average’’ was cal- 
culated separately for each of the 34 Senators 
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ScaLE PosITIONs AND} “POWER” IN THE SENATE 


measure of relative success in being in the 
majority might appear to correspond roughly 
to “power,”’ in the sense of influence of one’s 
acting on another’s actions, but in fact it 
reflects other conditions as well. Whether it 
measures this influence in some degree may 
be examined by statistical control of these 
other conditions. 

Dahl recognizes as possible difficulties re- 
sulting from this application of the definition 
the cases of the ‘‘chameleon” (who antici- 
pates the result and votes so as to be on the 
winning side) and the “‘satellite’’ (who fol- 
lows the votes of a powerful colleague). 
Senators of these types would have high 
“power” scores without having exercised in- 
fluence. There is, however, another im- 
portant source of spurious effects in power 
indices calculated in this way. It results from 
the fact that legislators often cast roll-call 
votes so as to locate themselves along a one- 
dimensional continuum in a given subject- 
matter area (e.g., foreign policy or taxation). 
This has been shown by a number of studies 
applying ‘‘cumulative scaling” techniques 
(see below) to roll-call votes (Belknap, 1951; 
Gage & Shimberg, 1949; MacRae, 1958; 
MacRae, 1956). Insofar as this is true, those 
legislators nearest the median of the distribu- 
tion of legislators along this continuum will 
necessarily have the highest indices of power, 
in the sense of Dahl’s operational definition. 
This will depend only on their taking certain 
positions relative to their colleagues, as a 
result of their own values or of constituency 
pressures, and not by their exercising in- 
fluence, nor by their being ‘‘chameleons” or 
“satellites.” 

To see that this is so, consider the situation 
in which Senators are arranged along a con- 
tinuum from “isolationist” to ‘“‘interna- 
tionalist”’ on foreign-aid legislation,’ as 
shown in Figure 1. If Senators can be placed 





listed by Dahl (1957), on the basis of roll-call votes 
classified by the Congressional Quarterly as dealing 
with foreign policy (1946-54). The rank correlation 
coefficient (r) between this average and the rank- 
ing given by Dahl on foreign policy, as defined by 
Kendall (1955, p. 35), was +.75. 

*Whether “foreign policy,” ‘foreign aid,” 
“European aid,’’ or some other category is the 
most useful classification, can be assessed by scale 
analysis. 
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Fig. 1. Foreign-aid continuum. 


along such a one-dimensional continuum, 
and if five roll-call votes divide the contin- 
uum in the manner of the points 2; , x2 , 23, 
zz, and zs in Figure 1, then only certain 
combinations of roll-call votes by the Sena- 
tors can appear (neglecting the possibility of 
non-voting).. These possible combinations 
are shown in Table 1; the cumulative charac- 
ter of positive and negative votes gives rise 
to the term “cumulative scaling.” There are 
six such combinations, or response patterns, 
for five roll-call votes. In general, 2° or 32 
such combinations might be expected to oc- 
cur on five votes; but if the response pat- 
terns are limited to these five ‘scale types,” 
one can infer that a unidimensional con- 
tinuum is invoived. 


TABLE 1 
VoTiInG PATTERNS OF SENATORS ON A 
OnE-DIMENSIONAL CONTINUUM 
Internationalist votes are designated as “+”’ 
e . . “ ? 
isolationist votes as “—’’.) 














Segment in which/Roll-call vote or cutting point 
Senator is located 
(= scale score) n Ps % Pa 
0 see ne. -_ en a 
1 + = 5 me ae sa 
2 + oe —_ —- ~ 
3 + + + - _ 
4 a + sm + - 
5 = BE a Ss + 








To construct scales of this kind, one starts 
with an a priori grouping of roll-call votes ac- 
cording to their presumed content. A limit on 
the permissible degree of departure from 
“scale types” is defined (other response pat- 
terns than the sort in Table 1 being known 
as ‘‘nonscale types’’). The yea and nay votes 
on each roll call are reclassified as “positive” 
and “negative” in relation to the hypothe- 
sized underlying continuum. A selection of 
roll-call votes is then carried out, those con- 
tributing the most nonscale types being re- 
jected. The roll calls that remain (if any), on 
which the response patterns are sufficiently 
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closely confined to scale types, are said to be 
scalable. Each legislator is assigned a “scale 
score,” which for scale types equals his total 
number of positive votes. Ordinarily the in- 
vestigator selects from the scalable votes a 
subset that will divide the continuum into 
segments containing approximately equal 
subgroups of legislators, and this subset 
forms the scale; but in the present instance 
(as will be seen below) it was important not 
to select votes in this way. Further details on 
scaling procedure are given in MacRae 
(1958). 

Let us apply Dahl’s operational definition 
of “power” to a situation in which Senators 
are arranged along a continuum such as that 
of Figure 1. Consider the case in which every 
Senator votes on every roll call, and his vote 
is taken as indicating his prior position as 
favoring or opposing the bill or measure in 
question. Dahl’s operational definition, in an 
intermediate form (1957, p. 211), requires 
that we find the proportion of those motions 
favored by A that pass, and subtract from it 
the proportion of those motions opposed by 


A that pass. Let 

N = total number of roll calls consid- 
ered, 

nm, = number of bills A favors, 

m, = number of bills A opposes (mn, + 
sak RD N ) ’ 

m = number of bills A favors that are 
passed, 

m— = number of bills A favors that are 


not passed (m4 + m- = m), 
No, = number of bills A opposes that are 
passed, 
no = number of bills A opposes that are 
not passed (no + m2 = ne), 
71+ = proportion of bills A favors that 
pass (m4/m), 
~i— = proportion of bills A favors that 
do not pass (m_/n), 
P24 = proportion of bills A opposes that 
pass (n24/ N2), and 
p~2- = proportion of bills A opposes that 
do not pass (n2_/n2). 
(Note: In this symbolism, “+” and “—” 
denote passage and defeat, not “‘internation- 
alism”’ and “‘isolationism.”) In these terms, 
and in this simplified case, Dahl’s operational 
definition corresponds to the power index 


M* = Pi+ — P2+, 
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and since pir + pi- = Poy + po = 1, we 
have also 


M* = Dr — pr. 


This power index would thus be numeri- 
cally the same whether one considered only 
bills that passed, and subtracted the propor- 
tion of these among those A opposed from 
the proportion of these among those A fa- 
vored; or whether one considered only bills 
that did not pass, and subtracted the pro- 
portion of these among those A favored 
from the proportion of these among those A 
opposed. In applying this definition to the 
continuum in Figure 1, however, we cannot 
distinguish between bills that passed and 
those that failed of passage. Figure 1 and 
the scaling technique classify votes in terms 
of a political continuum; thus if we know 
that a Senator is in segment 0 of the con- 
tinuum, we can be sure he cast “isolation- 
ist” votes on all the bills in question, 
but we do not know whether he was 
opposing “‘internationalist” bills or favoring 
“fsolationist”’ bills. For this reason we make 
the approximation of using a power index 
such as 


M* = [(my + me_) — (m— + noy)I/N, 


which simply measures the proportion of 
votes cast by A on the winning side, minus 
the proportion he cast on the losing side. 
More simply, we shall actually use the index 


M*” = (m4 + ne_)/N, 


the proportion of all votes in which A was 
on the winning side. This provides a rank- 
ing identical with that given by M*’, since 


M* = 2M*” — 1. 


In our calculations we omit all those roll 
calls on which A did not vote. We assume 
also that the majority is the winning side, 
setting aside those votes (e.g., treaties) on 
which a two-thirds majority is required for 
passage. Footnote 2 indicates that this defi- 
nition agrees moderately well with Dahl’s 
actual operational definition (r = +.75). 
We can now show what values of the in- 
dex M*” would be assigned to the Senators 
in the varicus segments in Figure 1. Let 


equal distances on the line in Figure 1 corre- ; 


spond to equal numbers of legislators. What 
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’ TABLE 2 
REFERENCES FOR ROLL-CALL Votes ComposiNG ForREIGN-AID SCALES 








Items (page and number in Congressional Quarterly Almanac; yea or nay vote 








, | 

Fear corresponding to pro-foreign-aid position) * 

1946 | 281-3 (N); 281-1 (N); 280-4 (N); 282-2 (N); 280-3 (N); 282-1 (N); 282-3 (Y); 280-2 

| (N); 280-1 (Y) 

1947 645-2 (Y); 271-1 (N); 645-1 (N) 

1948 136-2 (Y); 136-1 (Y); 216-9 (Y); 216-8 (N); 216-5 (N); 216-4 (N) 

1949 263-3 (Y); 429-8 (Y); 429-1 (N); 428-2 (N); 429-2 (N); 431-10 (Y); 428-3 (N); 431-7 
(N); 429-5 (N) 

1950 268-2 (Y); 266-6 (N); 147-8 (N); 268-3 (Y); 148-1 (Y); 148-7 (Y); 150-4 (N); 266-7 
(N); 266-8 (N) 

1951 179-8 (Y); 265-8 (Y); 264-5 (N); 265-6 (N); 264-1 (N); 264-4 (N); 265-3 (N); 264-8 
(Y); 264-2 (Y) 

1952 184-1 (Y); 183-8 (Y); 183-4 (N); 182-8 (N); 183-1 (N); 183-2 (N); 183-6 (N); 183-5 (N) 

1953 186-7 (Y); 186-3 (N); 186-1 (N); 186-5 (N); 256-6 (N); 186-4 (N); 256-7 (N) 

1954 296-1 (Y); 295-1 (N); 295-7 (N); 295-8 (N); 186-3 (N) 








*In order of decreasing proportions of ‘‘positive’’ votes. 


are the proportions of votes that legislators 
in segments 0, 1, 2, 3, 4, and 5 cast on the 
winning side? Those in segment 0 will win 
on 2, and x, ; those in segment 1, on 2, 2%, 
and x; ; those in segment 2, on x2, Xe, %, 
and 2, ; those in segment 3 on all five; those 
in segment 4, on 2%, %2, 23, and ws ; and 
those in segment 5, on 2, v2, and 23. 

This example illustrates two general prop- 
erties of the power index on such a contin- 
uum: 

(1) For a set of legislators on such a con- 
tinuum, those legislators in the segment 
containing the median will have the highest 
values of M*”’; 

(2) Other segments will be associated with 
lower values of M*”; just how much lower 
depends on the arrangement of the z’s on 


the continuum. In fact, the number of roll. 


calls in which A will not be on the winning 
side is equal to the number of cutting points 
(z’s) between his position and the median. 

This relationship makes it possible to de- 
rive from scales constructed independently 
by one of us (HDP)‘ the ordering of Senators 


4 These scales also show systematic changes in 
the ranking of Senators on foreign aid, which may 
explain in part the finding of Dahl, March, and 
Nasatir (1956) that Senators of a given party are 
more ‘influential’? when their party controls the 
Senate. The political processes involved in con- 
gressional voting on foreign aid, and in particular 
the distinction between foreign aid and other 
foreign-policy issues, have been discussed in 
Westerfield (1956, pp. 30-31, 52, 70.) 





on M*”, which would have been obtained if 
no factors other than scale position had been 
operating. Nine cumulative scales (one per 
year) were constructed from Senate roll-call 
votes on foreign aid and appropriations for 
foreign aid, selected from the Congressional 
Quarterly Almanac for the period (1946-54) 
covered in the analysis reported by Dahl; 
references to the items in these scales are 
given in Table 2. 

Table 3 shows the scale scores (equivalent 
numbers of pro-foreign aid votes) assigned 
on each of these scales to the thirty-four 
Senators who served continuously from 1946 
through 1954; their names are listed in the 
order in which they were ranked by Dahl 
(1957). At the right of Table 3 are shown the 
proportion of scale items on which each 
Senator was on the winning side, as deduced 
from his scale score,’ and the corresponding 
ranks. The Kendall (1955) rank correlation 
between the two rankings is +0.57. Thus to 
a considerable extent the “‘power’’ ranking 
can be accounted for by scale scores. 


5 The procedure by which nonscale types were 
classified is given in MacRae (1958, Appendix A.) 
In this procedure, ‘“‘ambiguous’’ scale types are 
rounded toward the median; this biases them 
slightly in the direction of a higher ‘“‘power’’ index, 
but in no case does this bias exceed a shift of one 
unit on a scale. In the present research, response 
patterns including two nonscale responses were 
assigned to scale patterns; those with more than 
two were not. 
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TABLE 3 


ScaLe Scores oF SENATORS AND Proportions oF Roti CaLis on WHICH SENATORS 
ARE IN MAJORITY 

















Scale score in yeart Proportion 
Senator* with Rank 
1946 1947 1948 1949 1950 1951 1952 1953 1954 majority 

Hayden 9 3 6 9 9 9 8 7 5 .82 15 

Magnuson 8 3 6 8 8 9 7 6 2 91 4 
Chavez 8 2 4 8 7 6 8 xX 3 .88 6 
Smith (N. J.) 9 3 6 9 9 7 7 #§ 5 .86 8 
George 8 3 6 5 7 5 7 7 4 .89 5 
Maybank 8 2 5 6 4 xX 3 1 1 .68 22 
Green 8 3 6 9 9 9 8 7 4 .85 104% 
Hill J Se ee oe eee, ee Se 85 104 
wae 8 3 6 9 8 6 6 7 5 92 3 
Wiley 9 3 6 9 5 xX ‘ 7 5 .84 13 
Hoey 8 3 6 9 8 6 é 7 X 93 14% 
Kilgore 8 3 6 8 9 9 8 7 xX .87 7 
Ferguson 9 3 6 7 3 1 2 6 5 74 20 
Murray 9 3 6 9 9 9 8 7 3 .85 104% 
Knowland 9 3 6 7 4 6 + 7 5 .82 15 
Morse 9 3 6 8 9 9 7 1 5 .78 17 
Pvc 9 3 6 9 9 9 8 7 5 82 15 
Saltonstall 9 3 6 7 5 6 7 7 5 85 10% 
Johnston 0 2 0 0 0 0 0 0 0 .23 33 
Cordon 6 3 6 4 3 1 0 7 4 .65 23 
Hickenlooper 8 3 6 9 3 1 2 4 5 12 21 
Ellender 0 3 6 2 7 5 4 1 1 .63 24 
oe 0 2 5 7 3 3 2 7 5 .62 25 

McClellan 3 1 4 5 2 3 3 1 2 .55 27 
Eastland 8 3 6 7 ic 6 6 7 X .93 14 
Russell 4 1 5 5 1 6 7 1 0 .58 26 
Bridges 8 3 6 X 3 3 2 5 5 75 19 
Johnson (Colo.) 0 1 3 5 4 5 3. 1 0 52 28 
Byrd 5 1 1 1 ‘-.- 2. Ea oe 1 .38 30 
Butler (Nebr.) 1 1 1 1 1 0 0 1 X oe 32 
Langer 0 0 0 0 0 0 xX 0 0 .18 34 
Young 0 3 6 + 0 0 1 0 0 .40 29 
Capehart 1 3 0 0 0 1 1 0 0 .28 31 
McCarran 4 3 6 8 6 3 Fak 4 77 18 

Total 

Number of roll calls 9 3 6 9 9 9 8 7 5 65 

Scale type containing 8 3 6 8 8 5 6 7 3 
median 











* Ranked in order given by Dahl (1957, p. 212.) 


t High scale scores correspond to ‘‘internationalism.’’ Those instances in which no scale score was 
assigned, because of absences or nonscale types, are designated as ‘‘X.’’ 


DISCUSSION 


One implication of this finding is that inso- 
far as the “power” ranking can be accounted 
for by scale scores, it involves a possible 
spurious effect. If a Senator’s ‘‘power’’ re- 
sults simply from his assuming a particular 
place on a continuum, this does not neces- 
sarily have anything to do with his influenc- 
ing others, and thus influencing the passage 


or rejection of legislative measures. Rather, 
the Senator’s vote and the fate of the meas- 
ure may be considered joint results of a 
common antecedent: the location of the bill’s 
cutting point.on the continuum. If the votes 
we deal with are scalable, practically any 
power that is exercised has to operate 
through the location of that cutting point. 
This can occur through the selection by the 
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Senate of measures for consideration, or 
through persuasion of the members that a 
measure lies at one point rather than another 
on the continuum—or if an election takes 
place, through alteration of the distribution 
of Senators on the continuum. But in a single 
session of Congress, only the distribution of 
cutting points on the continuum can in- 
fluence the probability of a Senator’s being 
on the winning side on scalable roll calls; for 
in a scalable set of roll calls the Senators do 
not (by definition) shift position appreciably 
from one segment to another. 

There is: also some residual variation in 
Dahl’s power index, which is not accounted 
for by the scale scores. This may represent 
something nearer to influence, or it may 
be a discrepancy due to our methods and 
assumptions. 

The following procedural sources might 
contribute to the discrepancy between the 
two rankings: 

1. Differences between the Dahl “power” 
rankings and the rankings we have cal- 
culated, that would arise if the two 
methods were applied to the same set 
of scalable roll calls. (These effects do 
not appear great.) 

a. Some difference may result from our 
use of M/*” for all roll calls, rather 
than M/* for passage or defeat sepa- 
rately. 

b. The research reported by Dahl uses 
pairwise comparisons of the thirty- 
four Senators, rather than compari- 
son with the entire Senate member- 
ship, to eliminate effects of turnover. 

c. Placement in scale types misrepre- 
sents absences, paired votes, a few 
votes not conforming to scale pat- 
terns, and votes by Senators whose 
patterns precluded accurate place- 
ment. 

d. Dahl, March, and Nasatir include 
“negative” power in their definition 
as applied, considering a difference 
of probabilities such as that in M* 
without regard to its sign, whereas 
we do not. 

2. Construction of the scales in such a 
way as to represent a single dimension 
of foreign policy, rather than a com- 


posite of all foreign policy dimen- 
sions, whether scalable or not. 

a. These scales largely concern eco- 
nomic and military aid to Europe. 
Conceivably the discrepancy could 
result from legislators’ sealable posi- 
tions on other aspects of foreign 
policy. 

b. Items for cumulative scales are usu- 
ally selected so as to mark off ap- 
proximately equal intervals on the 
continuum (i.e., equal numbers of 
legislators). Had this been done, the 
distribution of cutting points would 
fail to show their actual concentra- 
tion in the ‘‘isolationist”’ half of the 
continuum, due to the special rela- 
tionship between President and 
Congress on foreign policy (Wester- 
field, 1956; MacRae, 1958). But in 
the present scales, the nonuniform 
distribution of cutting points was 
maintained rather than modified. 
Whatever bias there may be in se- 
lection of roll calls is not a syste- 
matic one due to scaling criteria. 

There remains a substantive difference 
between the two approaches: Dahl, March, 
and Nasatir use all roll calls dealing with 
“foreign policy,” whereas we have used only 
a subset of 65 scalable roll calls. One might 
imagine that the non-scaled roll calls would 
reveal the exercise of power (interpersonal 
influence) in the Senate in a way unac- 
counted for by scale positions. One can set 
aside the sort of phenomena revealed by 
scale analysis, by considering the difference 
in the rankings assigned to each Senator by 
the two methods. A Senator who ranks 
higher on a composite of all ‘foreign policy” 
roll calls than on the sealable ones (e.g., 
Hayden in Table 2) may be imagined to 
have been associated with “power” more 
than a Senator whose ranks on the two lists 
differ in the opposite direction (e.g., Hoey). 

Unfortunately, these differences show no 
clear-cut association with membership on 
the Senate Foreign Relations Committee. 
When they are compared with William S. 
White’s (1957) characterization of certain 
Senators as members of the “Inner Club,” 
among the Democrats there is some indica- 
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tion of higher residuals (difference in ranks 
in the same direction as Hayden) for those 
Senators in the “Inner Club,” and lower 
residuals for those mentioned by White but 
not as “Club” members. Among the Repub- 
licans no such association appears. Further 
research may well reveal that something re- 
sembling ‘“‘power’’ can be measured by con- 
sidering rank differences or residuals. 

We conclude that although the conceptu- 
alization of “power” has been advanced, the 
operational definition of it has not yet been 
accomplished. Possibly future attempts at 
operational definition will benefit from the 
setting aside of extraneous conditions such 
as the one we have treated. 
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One intellectual excitement has, however, been denied me. Men 
wiser and more learned than I have discovered in history a plot, a 
rhythm, a predetermined pattern. These harmonies are concealed 
from me. I can see only one emergency following upon another as 
wave follows upon wave, only one great fact with respect to which, 
since it is unique, there can be no generalizations, only one safe 
rule for the historian: that he should recognize in the development 
of human destinies the play of the contingent and the unforeseen. 
This is not a doctrine of cynicism and despair. The fact of progress 
is written plain and large on the page of history; but progress is not 
a law of nature. The ground gained by one generation may be lost 
by the next. The thoughts of men may flow into the channels which 


lead to disaster and barbarism. 


—H. A. L. Fisuer 
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CRITIQUE AND COMMENT 


The rapid industrialization of 


a country can be a major disrupting factor 


in the economic, social, and political balance which that country has es- 


tablished. Whether a breakdown 


in the system occurs, or there is an impover- 


ishment or change in the value system, depends to a great extent on the regu- 
latory machinery that is put into effect to counter this disruption. A conceptual 


model of the adaptation of a system, by pointing out the essential features of 


adaptation, helps in our understanding of how such problems can be dealt 


with. 
IS ADAPTABILTY ENOUGH? 


by Geoffrey Vickers 
Bradfield, Berkshire, England 


HE word adaptability is widely and 

loosely used to describe the accommoda- 
tions which we take to life. Most often it is 
used with approval of the readiness and 
skill with which an individual fits in to his 
social group. Less is heard of the readiness 
and skill of the group to accommodate and 
learn from the deviant individual; but this 
is also an aspect of adaptation and an 
essential one. 

Again, it was once a matter of pride that 
the individual should be adaptable to his 
physical environment; that he should learn 
readily to tolerate extremes of heat and cold, 
changes of latitude and season, changes of 
diet. Today, especially on the North Ameri- 
can continent, more pride is taken in adapt- 
ing the physical environment to human 
requirements, providing us with a standard- 
ised diet, a standardised climate, even 
standardised opportunities for entertain- 
ment on the equator and in the Arctic 
circle, on the ground and in the stratosphere. 
What is involved is clearly an endless process 
of give and take between the individual, so- 
ciety and the physical environment, ex- 
tended indefinitely in time. Any adjustment 

' This article is a shortened version of a chapter 
that will appear in the forthcoming book, The 
Undirected Society, to be published in the fall of 


1959 by the University of Toronto Press, Toronto, 
Canada, and is published here by their permission. 
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made in the course of this process deserves 
the name of adaptation. 

So, as a first approximation, we can rep- 
resent the course of history by the diagram 
in Figure 1, in which En represents the 
environment, S society, and J the individual. 

The arrows are lines of possible, not in- 
variable effect. The changes which arise in 
any member of the triad may or may not be 
due to changes in the others; may or may 
not affect the others; and may or may not 
be affected in turn by changes which they 
produce. Thus, the lowering of temperature 
during the last ice age profoundly affected 
the habits of life on earth but it was not 
caused by life on earth nor was the earth 
significantly affected by these changes of 
habit. By contrast, the current raising of the 
level of radiation, which may have an effect 
on life at least as great as an ice age, is di- 
rectly caused by the activity of man and is 
certain, in one way or another, to affect that 
activity in its turn. Thus any particular 
change may be described as a dependent, an 
independent, or an interdependent variable. 
An important feature of industrialization is 
to make the relations shown in the diagram 
ever more interdependent. 

This picture of history is meaningless, 
unless we add to it some picture of the 
“nature” of its three members which ac- 
counts for the force and direction of their 
pushings and pullings. Each is a set of self- 
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maintaining activities; and that which 

maintained is a set of relationships, inner 
and outer. Even a kitten has a very large 
number of relationships to maintain, inter- 
nal relationships such as those which keep 
its body capable of digesting food; external 
relations, such as those by which it secures 
food; and a large repertory of ways of be- 
having in order to maintain these relation- 
ships, ranging from behavior of the whole 
creature in, say, food seeking to the behavior 
of a single enzyme in its digestive tract or a 
single neuron in its nervous system. I will 
call all these ways of behaving B; and all the 
relations which are to be maintained I will 
call EH. When the system concerned is a 
human being, I intend B and E£ to include 
also all those activities and all those rela- 
tionships which we commonly describe in 
psychological terms, activities such as 
thought and feeling, relations such as status 
and success. Where the system concerned is 
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a society, I intend B and EF to be understood 
equally widely. 

It remains to ask how behavior (B) should 
be so directed as to serve #. We can explain 
much of B in physical and chemical terms; 
but if we could so explain it all, we should 
not have explained the existence of the kit- 
ten, let alone you and me and Canada. The 
kitten is a specific pattern of order in a world 
which in its inorganic aspects tends naturally 
to disorder. Why a kitten or any other form, 
rather than increasing formlessness? Why 
the increasing improbability of ever more 
elaborate organization? How, in brief, is B 
set to produce H? We have to postulate : 
regulating process. I will call this unknown 
process R. 

As a first approximation, then, we can 
represent the nature of a man or a society 
by the diagram in Figure 2. 

Since the man or the society retains 
through time enough regularity to earn itself 


a name, we must suppose that somehow and 
to some extent / controls R and R controls 
B. Hence the arrows moving from right to 
left. We shall have occasion to add other 
arrows before we are through. 

I now ask ‘‘Whence comes /?” and “How 
does R work?” I will try to pursue these 
questions separately in regard to the indi- 
vidual and in regard to society but the two 
enquiries will continually become mixed. 

In the individual the norms and limits 
comprised in EF are derived from three 
sources—biological evolution, cultural con- 
ditioning, and personal experience. 

Biological evolution builds into us our 
future pattern of growth and development, 
our metabolic needs, and a host of other re- 
quirements, potentialities and propensities, 
They are believed to be coded in the gene. 
I have already expressed the view that our 
genetically given nature may well be much 
more complex than we know or perhaps will 
ever know. 


[* |_[ JL] 


Fig. 2 


Cultural conditioning persuasively moulds 
other positive and negative governors of our 
behavior, our ideas of success and security, 
of right : and wrong, of what to seek and what 
to shun. Its influence is great, inescapable, 
indispensable but not absolute. For, first, it 
is no homogeneous, self-consistent whole; 
and in any case, only a fraction of it reaches 
any one individual. Secondly, it changes 
within the individual life span and is itself 
affected by the experiences of individual 
members of the culture. Finally, it may be, 
in greater or less degree, rejected. In all 
these three ways there is, of course, variety 
between one society and another and be 
tween one period and another in the history 
of the same society. 

Individual experience, drawing thus partly 
but not wholly from the cultural inheritance, 


progressively builds the norms and _ limits | 


which are to govern the individual through 
life. So great are the variations of genetic 
endowment and of personal experience that 
these governors will vary widely even within 
a fairly homogeneous culture; but the range 
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of their variation will depend to no small 
extent on the culture concerned. 

These three sources of norm-setting are in 
continual interaction; and it is easy to at- 
tribute to inherent, biological ‘“‘nature”’ 
something which is in fact given by a par- 
ticular culture or even by particular indi- 
vidual experience. Thus there is apparently 
no reason to suppose that all men are 
“naturally” competitive; but in a competi- 
tive society most men will seek success and 
approval in whatever competitive activity 
offers them an acceptable chance of success. 
Suppose, now, that changes in the environ- 
ment or the natural development of the 
society make the competitive struggle harder 
and its prizes fewer. The individual experi- 
ence of an increasing number will reject the 
cultural norm. These will become associated 
in a sub-culture, which in time may replace 
the original pattern. Individuals of future 
generations will then receive a different 
cultural conditioning and perhaps in time 
they will reject and modify that aiso. 

Something like this happened in Britain 
in the 19th century. Competitive individual- 
ism never attracted more than a minority; 
and in consequence there grew up side by 
side two well marked and sharply distin- 
guished ethics, the Trade Union ethie and 
the ethic of the entrepreneur, the ethic of 
“united we stand...’ and the ethic of 
“Devil take the hindmost.” 

My attempt to deal separately with indi- 
vidual and social nature has already broken 
down. Social EF affects and is affected by 
individual H; and both are affected by R. 
There is also, of course, close mutual inter- 
action between social R and individual R. 
We can redraw the Figure 1 to show these 
relationships, as in Figure 3. 

I want now to attach a more definite 
meaning to the governors (/) of a national 
society such as Canada. It also is an open 
system, less closely integrated than an or- 
ganism but equally capable of being de- 
scribed in terms of B, R, and E£. It also is 
subject to laws which prescribe the condi- 
tions of its continuance. History is littered 
with the records of societies which have 
ceased to exist—some, like Carthage, by 
physical destruction; some, like your Indian 
predecessors on this continent, by the ending 
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of some essential relation with the environ- 
ment, such as that by which they lived as 
predators on herds of game. Contemporary 
societies also depend for their continuance 
on keeping their essential inner and outer 
relations within their critical limits. And 
within these limits, each society, like each 
individual, builds up from its progressive, 
unique experience and continually modifies 
its own set of aspirations and apprehensions, 
positive and negative governors of its 
behavior. ; 
All states today assert that their primar 

purpose is to secure favorable conditions of 
life for their citizens. This in itself represents 
an evolution in the £’s of sovereign states; 
no chief executive today would venture to 
assert “L’Etat c’est Moi.” It is an important 
definition of relationship between the state 
and the individual. 
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All states assume or pretend that a neces- 
sary condition of this is the continuance of 
their integrity and independence. This is an 
important definition of their relationship 
with other collective entities outside their 
frontiers. We can see this emerging and 
hardening over several centuries past in 
Europe. Today we see it developing else- 
where, while, in the Western world we may 
be witnessing the first painful steps in its 
supersession..I shall have more to say about 
this later; suffice it for the moment to remind 
you that self-preservation is not an unquali- 
fied norm, even for an animal. 

States vary widely in their ideas of what 
conditions are to be sought, still more in 
their ideas of the relative rights of different 
classes of citizens; most of all, in the relative 
importance they attach to the present and 
the future. Those who share Bentham’s de- 
votion to “the greatest happiness of the 
greatest number” sometimes forget that the 





; 
f 
5 
} 
i: 
f 
a 











222 


greatest number is always the number of 
the unborn. 

At the national level, then, as at the indi- 
vidual level, behavior (B) is so directed as 
to serve H—or rather a varying selection 
from E; and E in turn is changed by the 
result of B—or rather by the outcome to 
which B contributes. Sometimes, if some 
valued condition of life is left long unrealised, 
it is tacitly abandoned. The level of aspira- 
tion is changed; EF is altered to fit the possi- 
bilities. But on other occasions the denial of 
this valued condition builds up pressure for 
it until it demands realization at whatever 
cost, perhaps by revolution. Thus in Britain 
the right of a man to do what he likes with 
his own land has been progressively cur- 
tailed in the interests of good development 
and good farming; and though the curtail- 
ment which operates today is less drastic 
than in the war years, the old norm has gone, 
probably for good. On the other hand, the 
rights of the individual against the State in 
regard to minimum subsistence, as defined 
in the National Assistance Act, are the more 
sharply defined because of a feeling that 
they had been long denied. 


The regulating process 


This brings us to R. What is the regulating 
process, whether of states or of men, which 
continually adjusts behavior (B) so as to 
preserve EL; and equally adjusts EF so as to 
keep B’s task within the limits of the possi- 
ble? Before trying to express this in terms 
of Canada today, we can say something 
about it in terms sufficiently general to 
cover men and societies alike. 

,We must credit R with at least three 
major functions. It must be able to receive 
information about how things are going in 
relation to how they should be going to 
maintain EL; and it must be able to send sig- 
nals to initiate behavior whieh will affect 
the course of events in the interests of EF. 
And between these two functions of 
“information in” and “information out” we 
must posit the all-important function of se- 
lecting what to do out of the limited number 
of behaviors which are possible in the cir- 
cumstances. These three functions focus the 
three main groups of problems concerned 
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with adaptation. How does the system know 
that action is needed? How does it decide 
what to do? How does it make its decision 
effective? 

The first question needs restating. R is 
always in action. Societies and men, like 
other systems, must be constantly active to 
maintain their own existence. But the de- 
mand on R varies. Suppose a system in a 
state of equilibrium. Regular forms of be- 
havior are maintaining constant relation- 
ships. R’s activity is constant. Now suppose 
that this situation is disturbed, perhaps by 
a change in the environment (prices are 
affected by a bad harvest), perhaps by a 
change within the system itself (prices are 
affected by inflation). R will now have to act 
differently if the effect of the disturbance is 
to be neutralised and prevented from dis- 
turbing £. I will confine the enquiry for the 
moment to cases where change in this sense 
is needed. How does R know that something 
different is required of it? 

Apart from forecast, to which I return in 
a moment, the signal comes in the form of 
direct experience of breakdown. The usual 
behavior ceases to be available or ceases to 
work. An increase in crime, for example, 
unless otherwise observed, will first come to 
notice because the police, the criminal 
courts, and the prison authorities become 
overloaded. The normal relation between 
their capacity and the work they have to do 
begins to go astray. Ultimately, the normal 
behavior will become impossible. Someone 
responsible for the custody of a prisoner will 
have no room for him in any prison. He must 
either change his standards of permissible 
overcrowding or change his standards of 


security or refuse to accept the man at all, 


which will change his normal relations with 
the committing authorities. Whatever he 
does or leaves undone will be a change. 
The signal thus received is, of course, only 
a symptom of a more profound imbalance. 
The increase of lawlessness is a more im- 
portant problem than the overcrowding of 
prisons; and, if it were understood, it might 
be found to be itself a symptom of some still 
more profound imbalance. But though in- 
creasing lawlessness may be the more 


important problem, it is not the more 
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urgent. Those who worry about it may re- 
main baffled for years without having to 
initiate any change in behavior. But the man 
with the unhoused prisoner must find some- 
where to put him tonight. 

It is useful, therefore, to distinguish 
signals which compel action from those 
which merely invite it, a distinction which 
runs closely parallel to the distinction be- 
tween urgency and importance. 

Clearly, a modern society would not hold 
together for a year, if R did not begin to 
work until it received signals of incipient 
breakdown. These signals are supplemented 
in varying degrees by prediction. An in- 
creasing trend in crime may become visible 
statistically before it has begun to cause 
actual breakdown in the machinery for deal- 
ing with criminals. The ability of R to act 
on merely predictive signals is, however, 
limited by several factors. Such signals never 
compel action, though they may invite it. 
They make less impact on the mind. And 
they are no more reliable than prediction 
itself. The volume of crime, for example, 
may change sharply and unpredictably, 
varying with factors which are at present 
unidentified. 

Consider an example at the other end of 
the scale. The state of education today may 
be admirable; but the known structure of 
the age pyramid may make it certain that 
the needs of the school population five years 
hence will far exceed the capacity of the 
present resources, applying present stand- 
ards. Even long term prediction in this 
instance is relatively easy and precise. 

Comparing these two examples, the in- 
crease of crime and the increase of the school 
population, we can see another difference 
between the various signals which make up 
the “information in” of R. They are inform- 
ative in varying degrees. The observed 
increase in crime is neither more nor less 
than a red light. It warns of a dangerous 
deviation from E. It throws no light on the 
cause nor does it give any guidance on what 
R should do. The observed increase in the 
school population, on the other hand, when 
grouped with other known facts, such as the 
existing school building and teacher training 
programmes and resources, makes the prob- 


lem perfectly clear, though even this does 
not of itself tell R what to do. 

The problem for R is to choose a way of 
behaving which will neutralise the disturb- 
ance threatening the maintenance of E. 
Success means initiating behavior which will 
reduce the deviation between the actual 
course of affairs and the course which would 
be consonant with £; or at least preventing 
its nearer approach to the limit of the un- 
acceptable or the disastrous. 

This decision is a choice between a limited 
number of alternatives. Men and societies 
have only a finite number of ways of be- 
having, perhaps a much smaller number than 
we realise; and the number actually available 
and relevant to a given situation is far smaller 
still. It is thus essential to regard these de- 
cisions as the exercise of restricted choice. 

These decisions are of four possible kinds. 
When the usual responses fail, the system 
may alter itself, for instance by learning new 
skills or reorganising itself so as to make new 
behaviors possible; it may alter the environ- 
ment; it may withdraw from the environ- 
ment and seek a more favorable one; or it 
may alter #. These are possible, if at all, 
only within limits; and all together may 
prove insufficient. 

It remains to ask how men and societies 
choose from among these alternatives, when 
choose they must. In brief, the answer is 
“by experience;”’ but experience operates in 
various ways, none of them perfect; and they 
demand some closer enquiry. 


Control by error 


Consider first the most elaborate. Systems 
are said to be error controlled when the 
results of their behavior return to them as 
a signal to control their subsequent be- 
havior. The classic example is the helmsman, 
reading from his compass continuously the 
difference between the actual direction of 
the ship and its prescribed course and suit- 
ing the movements of the wheel to the infor- 
mation which he derives from these signals. 
Three features of this are worth noting. 

First, the signal consists not in the posi- 
tion of the ship’s head nor in its direction 
but in the two together. The helmsman 
responds to the rate of change of direction, 
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relative to the true course. Problems en- 
countered in the construction of automatic 
pilots have shown that he must even be able 
to notice changes in the rate of change, if he 
is to hold a true course. 

Secondly, the information from these sig- 
nals is necessarily late. No one can hold a 
true course, until he has learned to antici- 
pate them. 

Thirdly, the signal does not, strictly 
speaking, tell the helmsman anything at all 
about the effect of his own behavior. Many 
other influences, some of them more potent 
than the rudder, are constantly changing 
the direction of the ship’s head. He cannot 
say with any certainty how much of it is his 
own doing. None the less with practice he 
learns to control the course with great pre- 
cision, largely because the cycle is repeated 
so often and so frequently. 

The larger affairs of life are more diverse. 
Men and governments continually find 
themselves doing things they have never 
done before. The results may not return for 
judgment for many years; and when they 
do, they include the influence of so many 
other variables that they may supply 
neither validation for the past nor guidance 
for the future. Even the standards by which 
to judge the results may be lacking. We can 
note disasters which seem to be the result 
of our foreign policy but no one can prove 
that the results of any other course would 
not have been worse. 

It is thus rather a puzzle how far, if at all, 
what is rather confusingly called control by 
error is relevant to the working of # in the 
systems of men or societies. We have to dis- 
tinguish carefully between two possible 
meanings of the phrase. In so far as we can 
compare what is happening with what ought 
to be happening (as given by £), we are 
kept informed of what is going wrong and 
perhaps of the rate and direction in which it 
is going wrong. Control by error in this sense 
is valuable and not uncommon. What we are 
not told with any certainty, if at all, except 
in the simplest and most often repeated 
cases, is what contribution our past actions 
have made to the result. Control by error in 
this sense is much more valuable—and much 
more rare. 

Suppose for example that the statistics of 


crime show an increase. The society takes 
action; it recruits more police, increases 
penalties, devises new kinds of prisons or 
what not. Crime goes on increasing. It does 
not follow that the action taken was wrong, 
Perhaps, without it, things would be even 
worse. Perhaps it has not yet had time to 
take effect. Society knows only that in this 
respect the ship of state is still swinging 
further off course. It is controlled by error 
only in the first sense. 

Consider, by contrast, the statistics re- 
lating to the school population; suppose 
these show an increasing imbalance between 
the numbers of children and the resources to 
teach them. Society takes action; it en- 
larges its programme for school building and 
teacher training. Month by month, the 
officials compare the numbers forecast. with 
the actual, the number of schools completed 
and teachers trained with the actual; and 
these last figures will tell them with preci- 
sion not only how things are going but also 
the results of their own efforts. With minor 
qualifications, their behavior is _ error- 
controlled in the second sense. 

The two senses are, in fact, points on a 
continuous seale. Control by error enables us 
to compare the way things are going with 
the way we want them to go; and in doing 
so, it tells us something about the effect. of 
our previous action. But this something 
may be anything from nearly everything to 
nearly nothing. 


Control by rule and purpose 


Experience works in two other more simple 
and more pervasive ways to guide RF in its 
endless series of choices. I have called them 
in an earlier paper control by rule and con- 
trol by purpose. To select a behavior be- 
sause that is the behavior which one has 
always selected in the past in what seem to 
be similar circumstances is to be controlled 
by rule. To select a behavior because it is 
likely to have a foreseen and desired result 
is to be controlled by purpose. 

The two interact. Even at the simple 
levels of animal behavior an habitual re- 
sponse can be inhibited, if it is always fol- § 
lowed by punishment, an unfamiliar one 
rendered habitual, if it is always followed by ' 
reward, On the other hand, rule will with- 
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stand the attrition of anything less than 
repeated and unmistakable evidence that 
it does not work. At the level of deliberate 
human behavior, whether by men or so- 
cieties, it is safe to assume that in selecting 
the course to be followed both criteria are 
present and both are used, often with con- 
flicting results. All conflicts between morality 
and expediency are conflicts between con- 
trol by rule and control by purpose. Even 
when no such emotional overtones are in- 
volved, we often feel extreme reluctance to 
adopt a course, however clearly it is com- 
mended by its probable results, if in the 
past we have always acted differently in 
circumstances which seem the same. 

It is supposed to be a feature of increasing 
rationality to be controlled increasingly by 
purpose and decreasingly by rule. I doubt 
whether this is so. True, as we become more 
capable, individually and collectively, of 
making forecasts and looking ahead, we are 
able to build up longer and more coherent 
sequences of purposeful action. On the other 
hand, as we become capable of wider gen- 
eralisation, we are able to build up more 
complex and comprehensive sets of rules. 
The mature human being and the mature 
society differ from those at simpler levels 
both by pursuing simultaneously a larger 
number of objectives and by regulating their 
behavior by a more comprehensive code of 
rules. Both control by rule and control by 
purpose are elaborated together. 

In any case, control by purpose can never 
be ultimate. However remote and compre- 
hensive the objective, it is always possible 
to ask why this objective rather than any 
other should be pursued. When the answer 
is given, as in this regression it soon will be, 
in terms of /—in terms, that is, of some re- 
lationship which this objective will help to 
attain or preserve or escape, it is still possible 
to ask why that matters so much. The sys- 
tem can put an end to the regression only by 
saying either ‘‘because that is the sort of 
system I am” or by saying “‘because that is 
the value that I place upon it,’’ which is only 
another way of saying the same thing. I 
defer to the next section the problems of 
such valuation. 

It remains to consider the third group of 
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questions regarding R. How does it give 
effect to its decisions? 

It is a feature of R in a complex modern 
society that action, when chosen, can only 
occur with the collaboration of very many 
people, of whom the vast majority are not 
personally concerned with the action, will 
derive no personal success or satisfaction 
from it, and would be personally none the 
worse and less burdened if it were dropped. 
Of these some have usually a personal vested 
interest in stopping it. What internal cou- 
pling, what common code of response is 
needed, if in such circumstances in a modern 
society R is to work at all? 

In fact, R often fails to work. We see 
today in France a mammoth reorganisation 
in progress to remedy the persistent failure 
of R to work—and in particular, to work at 
this last stage, the stage of getting decisions 
carried into effect. We have seen a large 
proportion of the world adopt constitutions 
which secure coherence at the cost of liberties 
which we hold dear; and we are conscious 
within our own societies of action clearly 
identified and badly needed which yet does 
not happen. The third stage in the working 
of R is as vulnerable as any. 


Application of the model 


It is time to give more concrete meaning 
to these symbols. What are the regulating 
mechanisms of a national society, such as 
Canada? They consist on the one hand of 
the machinery of government, central and 
local, and on the other of the organisation of 
business, through which the country’s eco- 
nomic growth chiefly proceeds. These two 
are linked, partly by the growing nexus of 
government control over business and busi- 
ness influence over government; partly by 
the fact that both are linked with the same 
body of citizens, though in different ways. I 
shall return later to discuss the relation be- 
tween government R and business R, which 
is obviously crucial to the success of the 
country in its task of adaptation. 

Any attempt to reduce the process of 
adaptation to a set of symbols and then to 
apply these to the bewildering complexity of 
contemporary life must lead to over-simpli- 
fication and artificiality. I think it is none 
the less useful in various ways; first for the 
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very fact that it makes clear how complex 
the actual process is. We should need a 
three-dimensional model to show even an 
example of the mutual interaction of person 
on person, society on society. We should need 
an immensely extended hierarchy to repre- 
sent the tissue of group relations even within 
one closely knit society. And even then we 
should still lack any way of representing the 
equally essential dimension of time. The rate 
of change; the extent of its repercussions in 
a given time; the delay in response; the 
speed with which the results of a response 
will return for judgement; all these factors, 
essential to the process of adaptation, can 
only be described in terms of time. 

Yet for all its simplification, the attempt 
serves to show the essential features of adap- 
tation and the equally important complexi- 
ties which modify these when we consider 
adaptation at the level of man and society. 

Suppose a very simple system. Its essen- 
tial relations (EZ) are ccherent and fixed; so 
are the limits within which the system can 
deviate from them without suffering irre- 
versible change. Its repertory of behavior 
(B) is also fixed. Its problem is so to behave 
as to keep within the limits of E. For the 
problems of such a system there must always 
be either a best answer or no answer. Such 
problems, however complex, could at least 
in theory be programmed for and solved by 
a computer. But even simple organic sys- 
tems are more complex than this. At the 
level of individual and social adaptation, we 
have to take into account differences, 
whether of degree or of kind, of which I 
would stress three. 

First, in a modern industrial society the 
main source of disturbance is the behavior 
of the system itself. It is thus, at least in 
theory, directly controllable. Rapid indus- 
trialisation, itself adaptive, a product of R, 
increases the rate of change in the system 
and its environment and thus the volume of 
disturbance with which R must subsequently 
deal. Since the volume of disturbance with 
which R can deal, even at its most efficient, 
is limited, it follows that the system may be 
destroyed by disturbances which its own 
activity creates. This is why, as I have so 
often stressed, the rate of change in a system 
may be lethal, irrespective of its direction. 


Secondly, the content of £ is itself varia- 
ble within wide limits. Politically, economi- 
cally and socially, our governing expecta- 
tions are different from, and more numerous 
and exacting than, those of our grandfathers, 
Rapid industrialisation continually begets 
new ones. The advent of the automobile did 
far more than provide a new way to satisfy 
an old need. It created new needs—new 
norms of mobility to be attained, new limits 
of immobility to -be regarded as unaccepta- 
ble. It contributed to the singular depend- 
ence of the Western world on Middle Eastern 
oil, which so powerfully conditions interna- 
tional relationships today. It is not possible 
to distinguish such relationships from other 
elements of EF as being artificial, transitory. 
They must be rated by their cogency. Are 
they relations for which men might destroy 
each other and themselves? If and so long 
as they are, they cannot be excluded from E. 

Finally, the total volume of FE’ becomes so 
large and contains so many inconsistencies 
that ever less of it can be realised. So the 
selective function of R becomes profoundly 
different from its function in, say, a rat 
seeking the shortest route through an ex- 
perimental maze to the food box. There is no 
longer only one right answer. Conflict. is 
endemic and universal; and its resolution in- 
volves valuation. This cannot be explained 
solely in the terms so far used. To this gap 
in the analysis I now turn. 


Conflict in the system 


At the simplest organic level adaptation 
means directing behavior to keeping within 
acceptable limits the relationships which are 
essential to the system (i.e. to preserving the 
essential values of /). It is a task of regula- 
tion. 

At levels far below the human this involves 
conflict and choice. The timid but hungry 
bird which comes at last to the bird table 
ignores the warning signals which defend it 
from predators, to heed the even more im- 
perious ones which guard it from starvation. 

Thus conflict is endemic in organic sys- 
tems. It is at its most complex and acute in 
men and societies. For both men and s0- 
cieties try to do far more things at the same 
time and over longer periods; in other words, 
they are governed simultaneously by many 
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different sets of governing expectations, by 
no means consistent. The resolving of con- 
flict, exceptional in most creatures, is our 
most constant and familiar activity. This is 
what decision means. It involves choosing 
one, at the cost of rejecting many other 
alternatives. We have “‘advantages;” we can 
build long, purposeful sequences of be- 
havior in our heads; we can clarify our rules, 
working out their implications on each other. 
But these precious gifts only enable us to 
state more clearly the questions for evalua- 
tion to answer. They do not supply the 
answers. Their principal effect is to enable 
us to live more complicated lives. 

I have distinguished three functions— 
norm-setting, by which I mean the evolution 
of those positive and negative governors of 
behavior which we seek to follow (); regu- 
lation, in which I include all the devices (2) 
by which we direct our behavior so as to 
follow them; and valuation, which I reserve 
for the resolution of conflict. It is unusual 
thus to distinguish the resolution of con- 
flict; it is usually supposed to follow auto- 
matically from the strength and direction of 
our rival seekings and shunnings, to be in 
fact a function of EK. Thus the economist 
resolves all the diverse demands which 
affect the market into the search for maxi- 
mum satisfaction. The psychologist resolves 
the still more diverse activities which he ob- 
serves into the effort to reduce “tension.” 
These descriptions are no doubt valid and 
useful so far as they go; but they throw no 
light on some questions which are funda- 
mental to the resolution of conflict. Whence 
comes the pulling power of an economic 
satisfaction and why does it vary so sud- 
denly and capriciously even for the same 
person in different situations? (Who wants 
turtle soup on a picnic?) What is the process 
by which we set our own tensions, as we so 
obviously do? And why do we derive satis- 
faction from the process of resolving them, 
rather than from the state of having them 
reduced? (Lovers of Bach go to the concert 
hall to listen to Bach, not to attain a condi- 
tion in which they do not want to listen to 
Bach any more.) 

Apart from these unresolved doubts, I 
think it useful to concentrate on the resolu- 
tion of conflict, because it is only in this 
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connection that valuation becomes a prob- 
lem. In all arguments in Cabinets and Board 
rooms or within the individual brain, the 
object of the rival disputants is to alter the 
tensions as felt by others, so as to accord 
with their own. There are two ways of doing 
this. One is to persuade others to classify the 
situation according to some type to which a 
strong attitude is already attached. (War is 
murder. Pacifism is treason.) The other is to 
change the attitude already attached to the 
classification used. (War in the nuclear age 
demands an assessment different from war 
in the 19th century.) The second is in fact 
only a refinement of the first. It involves 
new and more refined classification. Our 
ability to use more numerous and refined 
classifications shows growth in our capacity 
for taking complicated decisions but does 
not of itself explain our power to resolve 
conflict. 

I will mention two other dimensions of 
growth. One essential aspect of maturation 
is learning to attach reality to satisfactions 
remote in time. Without this, we could not 
pursue remote objectives. Another is learn- 
ing to derive personal satisfaction from 
group satisfaction and from the satisfaction 
of others. Without this, we could not sustain 
social life. These widenings of the frontiers 
which divide “now” from “not-now” and 
“T” from “not-I” are clearly of great im- 
portance to the resolution of conflict; but 
they do not eliminate conflict or explain 
how it is resolved. 

Thus, though it is certainly artificial to 
distinguish the resolution of conflict from 
the process by which norms are set, it seems 
useful to me in the present state of our 
knowledge, because it helps to focus sepa- 
rately a group of problems which are of 
particular importance to our enquiry and 
which at present admit of no clear explana- 
tion. 


Dimensions of change 


When I think of men or societies as sys- 
tems, extended in time, I see their essential 
character developing in three related ways. 
I see first an increase—or decrease—in the 
number of relationships which they are set 
to attain or elude (in EZ). I see next an in- 
crease—or decrease—in the repertory of 
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behavior (B) by which they can pursue these 
relationships and in their skill (R) in devising 
apt responses from their repertory. I see 
finally an increase—or decrease—in their 
power and skill to resolve the conflicts which 
these developments involve. 

These three dimensions of change are inti- 
mately related. When we learn new ways of 
behaving (we invent the printing press or 
the steam engine or the secret ballot), we 
become better able to meet our current 
needs. As a result we develop new needs, so 
that our capacities are fully extended at a 
more complex level. If we fail at that level, 
we fall back to a simpler level. The level we 
can maintain depends in part on our ca- 
pacity for resolving conflict and this in turn 
depends partly on the inherent consistency 
of the relations which we are set to realise. 
Where these are grossly inconsistent, our 
capacity for resolving conflict will reach its 
limit sooner. than it otherwise would. But 
some conflict is inescapable. It is not un- 
reasonable, for example, for a man or a 
society to wish to be both powerful and well 
loved but the pursuit of either goal will soon 
limit the other; and the character of the 
system will be largely given by the way in 
which this and many other conflicts are 
resolved. 

Freud has given a vivid, though perhaps 
an incomplete, account of this process of 
mutual accommodation in his description of 
the ego’s efforts to reconcile the demands of 
its three ‘hard masters,” the id, the super- 
ego, and the realities of the environment. An 
analogous burden rests ever on the govern- 
ments of societies. The id represents those 
built-in demands for satisfaction that can 
neither reason nor wait. The superego repre- 
sents those traditional rules distilled from 
past experience, rigid, mutually inconsistent, 
often unrealistic, yet indispensable as a 
starting point in the ever-moving present. 
The environment includes all those elements 
of the situation which pose inescapable de- 
mands and limit possible response. We can 
call the continual resultant change “‘adapta- 
tion’”’ but we shall not understand it, in men 
or in societies, unless we postulate the de- 
velopment of an ‘“‘ego-ideal,”’ an idea of the 
self, individual or collective, evolving from 
this process, which gives coherence to devel- 


opment whenever the pressures ease suffi- 
ciently to make room for choice. 

This ego-ideal, this idea of the self, which 
guides the choice of men and societies, when- 
ever choice operates—is it the determinate 
result of circumstances? Or the expression 
of arbitrary choice? Or does it represent the 
momentary position of the system in an end- 
less but not unguided search for the best 
realisable expression of its essential 
“nature?” Personally, I believe that it is all 
three. I will not attempt further to justify 
this belief; but I will try now to answer the 
question which forms the title to this paper. 

I have no doubt that adaptability, as com- 
monly understood, is not enough, as a goal 
or even as an explanation of our striving. We 
must assume also a ‘‘nature” which men and 
societies are striving to realise and which 
gives force and direction to their adaptation 
and sets limits to their adaptability. I believe 
that this nature is limited but not given by 
the genetic constitution of mankind; it is 
something which we may be said both to 
“make” and to “discover.”’ At any given 
moment of history, it consists not so much 
in the mass of partly inconsistent relations 
which we are set to seek and shun (our £) 
as in that idea of ourselves which guides our 
valuations and hence our compromises. It is 
an active force in our evolution, none the 
less so for being its chief product. It will 
always be tentative, never final, never 
sacrosanct; yet it will slowly come to hold 
more of what history has to tell us about 
what is worth while to try to be. 

At lower levels, this or that among the 
inconsistent elements of / gets control for a 
time and dictates response, to the exclusion 
of others; but at higher levels the elements 
of H become associated in a more or less co- 
herent and abiding form. The concepts of 
maximizing satisfaction or minimizing ten- 
sion, useful enough at lower levels, need at 
higher levels to be translated into terms of 
form-seeking. Purely quantitative concepts 
will no longer serve. Personality is more than 
the sum of H; more than a mere resolution 
of forces. It is a configuration of forces. And 
though I shall continue to refer to F as 
standing for the governors of behavior, I 
will ask you to bear in mind that these 
governors would not function at the level in 
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which we are interested, unless they were 
organised in a way which my analysis so far 
has barely touched. 

Rapid industrialisation 

During the past two years many of us 
must often have wondered how far the 
things we were observing were the results of 
rapid industrialisation; how far they were 
due to peculiarities in Canadian or generally 
in Western culture, as distinct from nations 
further East, where rapid industrialisation 
is also dominant; and how far they are part 
of the general human predicament. I believe 
that the foregoing analysis helps us to answer 
this essential question. The answer, I believe, 
is as follows. 

Rapid industrialisation, wherever it oc- 
curs, releases into the system an ever greater 
degree of change and hence of disturbance. 
The volume of this disturbance, unless con- 
trolled, is bound to grow more rapidly than 
the adaptability of the society and must 
threaten the society with one or both of two 
related dangers. One danger is that the 
society may fail to adapt itself to the changes 
and may break down. The other is that the 
society will adapt itself only at the cost of 
some major and adverse change in valuation, 
that it may be able to survive only by the 
sacrifice of values which today it rightly 
deems essential. Kither of these dangers is a 
threat to the well-being of individual men 
and women; and I believe that all those 
threats which we have been able to trace can 
be attributed to one or another of these 
dangers. 

I believe, further, that the nations of the 
West, where rapid industrialisation has de- 
veloped largely under the private entrepre- 
neurial system and within the context of 
Western liberal democracy, have special 
problems, as well as special advantages, 
when compared with countries further East, 
whether communist, such as China and the 
Soviet Union or noncommunist, such as 
India, where the development has occurred 
later within the context of a different idea— 
the idea that economic development is a 
major part of political government. This idea 
is now largely shared by the Western world, 
but since our economic institutions devel- 


oped in a different climate, our responses are 
different also. 

Finally, I believe that the ideological divi- 
sion of the world into communist and non- 
communist, though important for some 
purposes, is inept and confusing for the pur- 
pose of our present discussion. I believe that 
all countries where rapid industrialisation is 
occurring can be arranged along a continuous 
scale, according to a number of familiar 
indices, such as the relative size of the pri- 
vate and the public sector of industry, the 
relations between government and industry, 
the degree and kind of control exercised over 
physical and industrial development and so 
on; and that these reflect particular stages 
and conditions of development, no less than 
differences of “‘ideology.’’ Even these differ- 
ences of ideology are themselves the product 
as well as the cause of history and can be 
compared with each other along more than 
one continuous scale. I hope, therefore, that 
we shall not hesitate to note the handicaps 
as well as the advantages of a culture such 
as yours in dealing with the problems of 
rapid industrialisation. 

All societies where rapid industrialisation 
is taking place are in danger of being unable 
to adapt themselves to the rate of change 
which their own activity produces. These 
changes may arise in any part of the system 
and may spread to any other part along any 
or all of the circular pathways which I have 
described. They may arise from changes 
which we make in the physical environment; 
general, such as the rise in the level of radia- 
tion, or the fall in the water table; specific, 
such as the submergence of Iroquois under 
water or the Niagara peninsula under con- 
crete. Equally real and disturbing are 
changes in the system itself, as in the size, 
age-grouping and distribution of the popu- 
lation and the work they are required to do. 
Most disturbing, perhaps, though least ob- 
vious, are changes in the expectations, indi- 
vidual and collective, by which they are 
governed. 

The disturbances thus released into the 
system place an ever increasing load on its 
regulative mechanisms. In the language of 
my earlier analysis, R is constantly having 
to evoke new behaviors in order to attain the 
same result and new results in order to at- 
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tain the same satisfactions. As the volume of 
disturbance approaches the limit of the 
system’s adaptability, the first result is a 
general sense of stress. The struggle for 
existence may be sharper in a rich society 
than in a poor one. It all depends on what 
has become essential to existence. The rich 
expanding societies of the West live, I be- 
lieve, under stress far greater than that 
experienced by simpler but more stable 
societies. 


Disturbance in the system 


Unless foreseen, the signal for action takes 
the form of some specific breakdown. Some 
customary response is found to be no longer 
available. The regulative mechanisms be- 
come fully occupied with the short-term at 
the expense of the long-term, with the urgent 
at the expense of the important. This is the 
second result of overload and it may set 
going a vicious circle, which will later pre- 
sent ever more insoluble problems and 
finally overwhelm the system. 

Unless the disturbance can be neutralised 
without causing another at least as bad, the 
gap between what is achieved and what is 
called for (by E) will sharply widen. There 
will follow, as a third result of overload, 
severe criticism of those responsible for the 
regulating mechanisms—that is of govern- 
ment, in the widest sense. The criticism may 
be wholly unfounded; the disturbance may 
be far outside their control. The criticism 
may none the less be a very important new 
force in the situation. There is here a pe- 
culiar danger to Western democracy. Our 
present age is in the course of discovering 
new techniques for control. We do not really 
know how much to expect from them; people 
frequently expect far too much. But, as I 
have sought to show, experience does not 
readily disclose how far a situation is under 
our control or even how wisely our control 
has been exercised. Responsible government 
can only be effective if those to whom it is 
responsible know how far its responsibility 
extends. This knowledge is perhaps less 
certain today than at any previous time. 

Over many decades, things which used to 
be regarded as “‘acts of God’’—war, famine, 
pestilence; or as part of the nature of 
things—crime, destitution, ignorance, have 
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come to be regarded as controllable and are 
hence assumed to be somebody’s responsi- 
bility. They can all be “‘fixed;’’ it is just a 
matter of know-how. It is true and welcome 
that the degree of our control is slowly ex- 
tending but the assumptions based on this 
extension are false and dangerous. Not 
everything can be fixed; and fixing is never 
just know-how. It is always decision, made 
at the cost of not fixing something else, 
Until both governors and governed have a 
common and realistic view of what can be 
controlled and how far and at what cost, the 
relations between them are bound to be 
disturbed; and these disturbances may be as 
dangerous to the system as any. 

Thus an increase in the rate of change 
places an increasing strain on the machinery 
of democracy. This, I believe, is why de- 
mocracy has broken down—or has not been 
attempted—in many countries where rapid 
industrialisation is taking place and why it 
is at risk everywhere. For when disturbance 
so overloads the adaptability of a system as 
to threaten its existence, the system is prone 
to take whatever steps seem likely to pre- 
serve its coherence. In the conflict between 
the urgent and the important, even freedom 
may seem a luxury. 

The ultimate result of overload is certain. 
In the end, the system will fall back to a 
lower level of organisation, discarding or 
modifying such of its governing expectations 
as cannot be realised. Since these governors 
(E£) are closely related, the result will be a 


change, greater or less, in the whole person- | 


ality of the system. It will be simpler; and 
for a time at least, less effective even at its 
new and lower level. 

I have referred earlier to the danger of 
changing people’s governing expectations so 
quickly that those which they build up in 
their early years will not serve to guide them 
or their children a few decades later. ‘““We 
cannot afford to make a world in which 
everyone is clueless after thirty.” I think 


that my analysis of the part played by such — 


expectations (#) will give this point more 
force. The reason why we cannot afford to 
dispense with the guidance of the past is that 
in the last analysis we have no other. Apart, 
however, from danger resulting from the 
speed of reorganisation, there are dangers re- 
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sulting from its probable character. When 
an overloaded system is forced to reorganise 
itself on a simpler basis, it may benefit from 
the change; it may, for instance, abandon 
some inherent contradiction in its goals, 
which has been the chief source of disturb- 
ance and which. the crisis has brought to 
light. But history suggests that radical and 
sudden changes tend to leave the system 
impoverished and debased. 

An overloaded system may not break 
down. It may respond in any or all of three 
ways. It may seek to improve its regulative 
machinery (#) so as to deal with a heavier 
load. It may seek to control the rate of 
change, so as to keep the load within its 
capacity. Or it may lower and change its 
governing expectations (£) and thus alter 
what it is trying to be. Unless it achieves 
balance deliberately by one or all of these 
methods, the force of events will do so, more 
violently, less tidily, but not less effectively; 
for the imbalance will insist on correcting 
itself, unless it destroys the system alto- 
gether. In the last part of this paper I will 
review what seem to me to be the main possi- 
bilities under these three heads; for it is in 
these fields, as I believe, that the major 
responses of your society must lie. 


Political, social, and economic regulators 


I have grouped the regulators of your so- 
ciety under three main heads: political, 
social and economic. Most obvious are your 
political institutions, central, provincial and 
local. An increasing volume of regulation 
can be done through these bodies alone. We 
have seen reason to think that, at least at 
the local level, they are in some places un- 
equal to their task. 

Political institutions are not free to grow 
and develop, as business undertakings are. 
The areas of their authority and the scope 
of their powers can be enlarged only by legis- 
lation, requiring particularly difficult agree- 
ment. Their budgets are voted annually. 
Their efficiency is not readily measured in 
terms of value for money; so their enlarge- 
ment is viewed with suspicion in the climate 
of Western democratic thought. 

Yet they must grow and develop, if they 
are to keep pace with their growing tasks; 
their growth is essential to the regulation of 
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any economy under rapid industrialisation. 
Among the many problems within this area 
I will mention only one: the problem of 
attracting sufficient high talent. In all 
Western democratic countries this is one of 
the unsolved problems of regulation. A 
familiar example is the difficulty of attract- 
ing enough scientists of the present to teach 
the scientists of the future; but the problem 
is widespread. My impression is that in my 
own country the prestige of the civil ser- 
vant’s profession has markedly declined 
within the last two generations, by compari- 
son with other comparable activities, though 
its importance has manifestly increased. In 
all Western countries—in sharp distinction 
from those further East—Government is ill 
placed to outbid industry either in money or 
prestige for its requirements of any scarce 
resources; and this, I think, reflects an ele- 
ment in our ideology (our EZ) which will have 
to change. Judging by the facts, one might 
suppose that it was a tenet of Western 
democracy, not of Karl Marx, that the 
State is destined to wither away. 

The working of political regulators de- 
pends in turn on social organisation and at- 
titude, less precise but not less potent, 
ranging from organised pressure groups to 
the countless foci round which opinion is 
mobilised; and including all those social or- 
ganisations for action which are indispensa- 
ble to the working of Western democracy, 
not less but more so, in a Welfare State. 
Higher adaptability requires greater effici- 
ency in these regulators also; and we have 
seen reason to think that rapid industrialisa- 
tion, whilst helpful in some ways, is in other 
ways adverse to their development, notably 
by increasing mobility and dissociating our 
working lives from the communities in which 
we live. 

Most important, in the context of rapid 
industrialisation, is the regulative power of 
industry itself. By far the most important 
long term physical planning in Canada, as in 
most Western countries, is being done by 
industry. 

The techniques of control are more de- 
veloped and more used in this section than 
in any other and they are developing more 
rapidly. Industrial planners take a far wider 
and longer view than they uséd to do, or 
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perhaps than anyone else does, of the scope 
of their responsibilities. When establishing 
new centers of industry, especially in remote 
places, they are conscious, as they would not 
have been conscious even a few decades ago, 
that they are setting the stage for family 
and social life for many generations. Their 
adaptability has been remarkable. 

On the other hand, the demands on them 
are great also. Industry is the source of vir- 
tually all those disturbances which tax the 
adaptability of the system ever more each 
year. The implications of what it does stretch 
far beyond the widest effects on its own work 
people and their dependents. It seems obvi- 
ous to me that the extent to which the entre- 
preneurial system can survive in anything 
like its present form depends largely on 
whether its institutions can reach a suffi- 
ciently sensitive accord with the political 
institutions of the country. 

The regulative aspects of industry which 
I have chosen to mention first are not those 
which would have occurred to anyone fifty 
years ago. Then, the first and greatest regu- 
lator would certainly have seemed to be the 
market. Rapid industrialisation was born in 
the market place. The free market for capital 
and labor, for products and for ideas, were 
the conditions of its existence. It was trusted 
as an autonomous device, capable of adjust- 
ing automatically the activities of men as 
producers with men as consumers. Its other 
function, its function as an activator, was 
equally welcome and equally trusted. It 
made the activities of production and ex- 
change self-exciting up to the limits of the 
system’s capacity. No one doubted that this 
was wholly good. 

This is not the place to trace in detail the 
change in the working of the market and in 
our attitude towards it. The extent of the 
free market, as the 19th century understood 
it—the market in which both buyers and 
sellers are so numerous that price is inde- 
pendent of any of them—is far narrower 
than it was; and where. it still exists, it no 
longer commands the same confidence as 
before, either as a regulator'or as an activa- 
tor. In both capacities it is increasingly ma- 
nipulated or displaced—for example, by the 
redistribution of purchasing power, through 
taxation and welfare benefits, between one 
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group of citizens and another and between 
the general body of citizens and the govern. 
ment; by control and guarantee of prices; by 
subsidies and other instruments of defense or 
social policy. These devices should not, | 
think, be either approved or disapproved on 
ideological grounds. They are part of the 
inevitable development of the regulative 
mechanisms (PR). They are not on that ae. 
count necessarily right; but if they were 
wrong, some better innovation must be 
found. ; 

In every country where rapid industriali- 
sation is taking place, an increasing field of 
activity is being withdrawn, wholly or 
partly, from the control of the market. Even 
in Canada this sector is so large that its sue- 
cessful management is essential to the prog- 
ress of the country. It includes all those 
services which are managed by public 
monopolies, or by local authorities. It 
includes all those fields where the market 
operates imperfectly, if at all, either because 
there is only one buyer (as with the Govern- 
ment’s defence budget) or because the 
project needs government finance (as with 
natural gas). Within this withdrawn field 
you use, with admirable objectivity, what- 
ever form of regulation seems to fit the pur- 
pose. Let us then accept the fact that the 
development of R depends very much on 
your ability to adapt or replace the economic 
regulators of the past, so as to associate them 
closely with political and social regulators in 
an efficient whole. The idea that the eco- 
nomic field could be separated from the rest 
of life, always an illusion, is long since dead. 


Controling rate of change 


I turn now to the second defensive re- 
sponse. A system unduly pressed by change 
may seek to limit the rate of change to suit 
its capacity for regulation. It seems to me 
inherently probable that the rate of change, 
unless controlled, must progressively out- 
strip our adaptability; so this recourse is 
likely to prove the most necessary and im- 
portant of all; and I suspect that it is already 
the most active. It is, however, still ideologi- 
cally unacceptable to many, so we should 
perhaps give it some thought. 

The principle is already admitted, in 
practice, if not in theory. We restrain the 
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rate of change in many directions. Economic 
enterprise is restrained, for example, to pre- 
vent dustbowls and disafforestation, to secure 
the convenient development of land, to curb 
fluctuations in the trade cycle, to maintain 
steady employment—this last a potent limit- 
ing factor on the development of automation. 
Emigration is controlled, to limit the dis- 
turbance which would result from unduly 
rapid change in the number and constitution 
of the population. There is room for debate 
as to how much disturbance the system can 
stand. There is need for enquiry, lest pro- 
posals to limit change prove to be only an 
easy alternative, to save authority the pain- 
ful but more healthy alternative of raising 
its capacity for regulation. But when all is 
said, the limitation of the source of the dis- 
turbance is bound to be of ever greater 
importance among the means of dealing 
with it. 


Value judgements 


I turn now to consider the effect of rapid 
industrialisation—or rather, of our attempts 
to adapt to it—on our collective and indi- 
vidual value judgements, on the weighting 
of our preferences and prejudices, on the di- 
recting of our seekings and shunnings, in a 
word on E. The effect of ‘social E” (or of 
what I have ventured to call the collective 
personality which emerges from it) on the 
individual is twofold. Indirectly, it deter- 
mines the environment in which he is to live; 
for example, by determining how we shall 
divide our collective efforts between better 
roads and better schools. Directly, it affects 
the value system of each individual. In my 
view, the collective value systems of Western 
democracies contain both handicaps and 
treasures and it is important that, in the 
changes which are always in progress, we 
should shed our handicaps and keep our 
treasures. 

In an earlier paper I described three cul- 
tural values which seem to me to characterise 
Western societies in their present stage of 
industrialisation, especially in the New 
World. I called them the metabolic criterion, 
the criterion of material expansion and the 
criterion of freedom. They stand for the 
assumptions, still basic to Western culture, 
that the individual should prize and strive 
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for increasing independence, through the in- 
creasing production and exchange of goods 
and services. I suggested that these values 
are not consistent with each other or with 
our present stage of development and are 
approaching the end of their domination. 
Independence must find room for interde- 
pendence; expansion must learn to live with 
stability. The ground for these suggestions 
is twofold—the fact of observation that it is 
happening and the logical conclusion that it 
is bound to happen. 

In every Western country, as I have 
pointed out, the sector of activity which is 
collectively managed grows steadily larger, 
both absolutely and relatively. One effective 
measure of it is the proportion of the na- 
tional income which is collectively spent. To 
members of a society where industrialisation 
was born of individualism, it may seem 
anomalous that it should lead to collectiv- 
ism; but in some clearly definable senses it 
is clear that it must do. 

In an expanding society numbers increase 
and every individual claims to take up more 
room, both directly for living space and 
mobility and indirectly, through the space 
needed to accommodate all the services on 
which he calls. Since the surface of the planet 
does not expand, it is inescapable that 
people should become more thick on the 
ground. Moreover, the extension of economic 
and other relationships in space and time 
increases the interdependence of each on all, 
of the live on the dead and unborn. In such 
a process the field of activity which a man 
can regard as his own business and no one 
else’s must shrink to the vanishing point. 

It does not follow that in such a progress 
freedom and variety must disappear. The 
problem for Western democracies is to so- 
cialise their individualist ethic without losing 
its essential values. 


Conclusion 


In conclusion I will try to summarise the 
connection between the conceptual model 
which I have sketched in this paper and the 
concrete realities which we have observed or 
sensed in the places we have visited. 

(1) The increasing volume of disturbance 
which our industrial activity creates makes 
itself felt in the rapid, irreversible commit- 
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ment of land surface and of basic, physical 
resources; in the divorce of the working from 
the living community; in the change (partly 
widening, partly narrowing) of the personal 
satisfactions which it offers; and in the in- 
stability and the character of the values by 
which both individual and society live. The 
last is the most elusive and probably the 
most important of all. 

(2) Industrialisation multiplies the need 
for regulation and thus inevitably builds up 
the apparatus of government in democratic, 
no less than in totalitarian states. This in 
turn affects both individual and social values 
and involves a profound revaluation in those 
countries where industrialisation was at first 
a product of individual enterprise. 

(3) Industrialisation disturbs interna- 
tional, no less than intranational relations. 
These disturbances call for regulation far 
beyond the power of the rudimentary regula- 
tors which at present exist in the interna- 
tional field. 

(4) Thus the disturbances which indus- 
trialisation creates threaten the individual 
either with breakdown or with the impover- 
ishment which may be the necessary price of 
avoiding breakdown. Breakdown may occur 
at any level from the international to the 
personal. We can see examples of it at all 
these levels. The impoverishment by which 
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it may be escaped is an impoverishment of 
values, resulting from the limitation of ex. | 
pectations to the stereotyped satisfactions 
which the hard-pressed system can most | 
easily provide—the modern equivalent of | 


“bread and circuses’”—and correspondingly, | 


a shrinking of personal responsibility and 
envolvement and the growth of authoritarian 
government. 

(5) The present and the immediate past 
do not provide evidence from which the 
future can be predicted, either for your 
country or for any other. The rate of indus- 
trialisation rises automatically at an acceler. 
ating rate, unless it is limited either by 
deliberate policy or by its own effects; and 
it evokes new responses as it passes new | 
thresholds. We can count its blessings and 


its banes but we cannot strike a balance | 


which has any clear relevance to the future, 
We can only forecast its results by deepening 
our understanding of the systems, interna- 
tional, national, social and personal, which 
its impact disturbs; of the ways in which 
such systems are bound to respond; and of 


the extent to which they are free to choose 


between these ways of responding. Our 
understanding of these processes forms the 
essential background to any discussion of 
industrialisation. 


(Manuscript received November 11, 1958.) 


Political science is misnamed. It is never a science and never can 
be one, for it lacks the first essential of science, namely, a jargon 
that is incomprehensible to the ordinary man. 





—A. LAWRENCE LOWELL 
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Since World War II, fundamental changes in organizations have been 
taking place. What is the new thinking on organization? What is the effect 
of the new technology? Is there a technical “elite” emerging in our culture? 
Pursuing the analysis of organization theory begun in the January, 1958 
issue of Behavioral Science, examination is made here of instances where 
science is changing the procedures by which decisions are being made for 
organizations. Future planning must take into account not only the equi- 
librium state of organizations but, more importantly, essential features of 


growth. 


EXPLORATIONS IN THE REALM OF ORGANIZATION THEORY. 
lll: DECISION MAKING, PLANNING, AND THE STEADY STATE 


by Richard L. Meier 


The University of Michigan 


ISE men regard the future as a re- 

source, since time is required for the 
best laid plans to mature. However, wise 
men rarely agree upon the best manner for 
exploiting the future. When organizations 
are confused by conflicting recommendations 
of men whose judgment is respected, the 
relevant areas of science are consulted to see 
if there is an objective means for resolving 
the issues. 

Wisdom, defined in this context as experi- 
enced and balanced judgment which uses 
recognized means to achieve accepted goals in 
a fashion that is felt to be proper, is gradually 
being displaced by science in organizational 
policymaking. In the past science seems to 
have made its most successful contributions 
when opening up new alternatives, .e., 
means not hitherto recognizable. The natural 
sciences made possible the development of 
novel technologies which were the basis for 
the new alternatives, but increasingly now a 
multi-faceted behavioral science has become 
relevant and warrants comment. The analy- 
sis of behavior may, for example, be applied 
to a sequence of relatively simple repetitive 
tasks, as in operations research, where the 
data acquired are expected to lead to recom- 
mendations not readily apparent to policy- 
makers depending upon personal experience. 
In that case the consequences of the applica- 
tion of science are not much different from 
what they were before. However, we wish to 
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explore here some of the other instances, 
which are much more interesting, where 
science is changing the procedures by which 
decisions are being made for organizations. 

How might organizations best take ac- 
count of the potentials proffered by the 
future? The relevant scholarly output is just 
now reaching a very interesting stage. Pre- 
viously each academic discipline (especially 
economics, political science, and sociology) 
provided some partial answers, each of them 
formulated in terms of a private language. 
But now a fusion is taking place, so that 
contemporary theorizing draws upon the in- 
sights provided not only by these older 
disciplines but also by psychology, philoso- 
phy, and statistics. 


MARCH AND SIMON ON ‘ORGANIZATIONS’ 


The emphasis upon science as a replace- 
ment for wisdom could hardly be more pro- 
nounced than in this recent book (March 
and Simon, 1958). Although actual measure- 
ments and descriptions of the associated 
laboratory techniques have been intention- 
ally avoided, we see here a strenuous attempt 
to systematize with variables that can be 
scaled as well as verbalized. Occasionally, in 
the course of recent studies, a quantitative 
relationship has been established between 
these variables under highly restricted con- 
ditions, but more commonly the conclusions 
are still stated only as tendencies. A body of 
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new doctrine has been synthesized from the 
arguments based upon measurement ex- 
tended by more qualitative observations 
regarding the functioning of organizations 
in vivo. It is proposed by March and Simon 
that the product of this effort should dis- 
place the present teaching about organiza- 
tions in courses on administration and man- 
agement. Not only Taylor and the Gilbreths, 
and their successors, but the school following 
Gulick and Urwick are thrust into the back- 
ground as features of a ‘classical’ doctrine. 
The modern social psychological viewpoint, 
picking up leads introduced earlier by 
Gouldner, Selznick, Merton, and Simon, and 
corroborated at some crucial points by ex- 
periment and the analysis of organizational 
process, is asserted to be “‘modern.”’ 

If the history of science tells us anything 
at all about the strategy of system-building 
it is that any science still in its swaddling 
clothes must concentrate upon the phe- 
nomena associated with small deviations 
from equilibrium conditions, not the ca- 
tastrophes and revolutions, in order to 
comprehend a growing range of human ex- 
perience. Equilibrium analysis provides by 
far the best foundation for creating a propo- 
sitional framework that will predict the 
consequences of events for the system being 
studied. The most predictions per unit of in- 
formation gathering effort can be inferred 
when an organization is operating on an even 
keel. This rather commonplace generaliza- 
tion is implicit in the March and Simon 
effort, but when applied to the theory of 
human organization it leads to some anoma- 
lies that puzzle the unsophisticate. For 
example, these organizations (1) motivate 
individuals to participate in institutionalized 
activities, closely coordinating their be- 
havior with that of many others, but it is 
not admitted that their freedom of choice is 
taken away from them, (2) optimize, or at 
least do better than “‘satisfice,’’ the returns 
to the organization from day to day opera- 
tions, but the organizations do not notice- 
ably expand in size, nor do they multiply 
functions, (3) use up time but not space or 
energy, (4) are fraught with internal con- 
flicts of interest, but do not rupture, undergo 
fission, or collapse, (5) suffer from character- 
istic pathologies, but their vagaries and 
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crotchets remain tolerable, so that they live 

on and on, and (6) do not change goals in 

process, or achieve them once and for all. 
The dynamics of inception, growth, de- 


cline, disintegration, salvage, and amalga- — 


mation fall outside the range of equilibrium 
analysis of organizations. What is left is the 
endless mottled gray of the bureaucratic 
steady state. Yet it should be noted that all 
our major collective activities—government, 
business, education, churches, recreation, 
and even the arts—are rapidly developing 
management teams, members, recruitment 
techniques, promotion ladders, and expecta- 
tions of indefinitely extended survival. The 
pressure from the environment is presently 
so strong that even the underworld, the last 
resort of uninhibited free enterprise, has or- 
ganized its Syndicate. The science of organi- 
zations at equilibrium is thus more appro- 
priate to the not-too-distant future than the 
present, and rather less satisfactory for 
interpreting the documented past. 

Perhaps the most unreal feature of an 
organization that is viewed in steady state 
by an impersonal scientist-observer is its lack 
of a sense of history. The past experiences 
and decisions that have been made within an 
organization—these constitute its history— 
must certainly affect its present structure, 
the goals it chooses to work toward, the pro- 
grams of action it has at its disposal, and the 
decision rules that it has adopted. Thus four 
of the key variables that are employed for 
equilibrium analysis of the organizational 
process are shaped by history. They repre- 
sent most of the imprint of the past upon the 
present, but not in such a fashion that the 
connection between observed phenomena 
and past events is clear cut and unambigu- 
ous. It might be argued by those who defend 
this approach that the participants in a rela- 
tively immortal organization are seldom any 
more conscious of its history than investiga- 
tors concentrating upon description and 
measurement of the principal variables. 
When studies on these organizational phe- 
nomena are replicated, as with the early 
Bavelas experiments in group communica- 
tion, or some of the industrial studies on 
productivity, they seem to give reproducible 
results within the confidence limits stated 
(there is a methodological problem here be- 
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cause many attempted replications fall short 
and are reported as new studies, and definite 
contradictions of earlier conclusions are 
rare). However, the cost of experiment when 
humans are involved is very great, and the 
latitude for manipulation is restricted by 
the ethics of the investigator; so the returns 
are sparse. Historical accounts that are ap- 
plied to an understanding of organization 
are inexpensive but they are not susceptible 
to statistical analysis, since it is the effects of 
events that are at issue and not the occur- 
rence of the events themselves. Historical 
study enables the investigator to get at a 
multitude of facts, but it is rarely possible 
to demonstrate their relevance to the prob- 
lems of arriving at the best decision, or of 
predicting organizational behavior. 

The value of a history for an organization 
lies in the economy of explanation that is 
afforded. A good history serves also as a 
fruitful source of hypotheses, not only for 
the investigators but for self-conscious par- 
ticipants. Wherever members of the organi- 
zation are aware of its history, so that it 
appears to influence their judgment, the in- 
vestigators are prevented from using the 
historical studies in a manner analogous to 
that marked out by biologists who have 
developed the historically-derived concepts 
of evolution and ecological climax into ex- 
ceedingly suggestive theory. 

The kind of historical analysis most suited 
for the interdisciplinary study of human or- 
ganization remains to be debated and elabo- 
rated. It should, I believe, start with the 
issues of the present and foreseeable future, 
identifying the programs, roles, and values 
that seem to be in conflict. It would trace 
the development of each back to where 
alternative precedents should have been 
established, thus enabling other specialists 
to estimate the costs of replacing the subse- 
quent experience. Starting over to build a 
structure of new decision roles, programs, 
roles and objectives often can reduce the di- 
mensions of the conflict to a compromisable 
level. The change may be carried out as an 
amendment in constitution or charter, or 
through reorganization. A statement of the 
requirements for this mode of historical 
study would require a separate volume, and 
one that the publishers would do a great 
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service to promote. The organization’s 
future should become a continuation of its 
past, and a coherent view of time scale could 
then be reinstated. 

The spatial features of organization have 
been treated in an unusually austere man- 
ner. Shelter, transportation, and all the arti- 
facts that have been designed to provide 
convenience and identification of place have 
been left behind in the process of abstrac- 
tion. Distance in March and Simon’s proto- 
type organization is a function of the inverse 
frequency of contacts of members, and is 
measured by the costs in time and effort 
required to traverse the network of imper- 
sonal relationships, formal and informal. 
Thus the distance from one point to another 
within an organization is usually measured 
in units of time, but sometimes by the least 
number of positions (nodes) through which 
a communication must pass. Since so little 
work of a general character has been re- 
ported which relates space and controlled 
environmental structure with distances 
within social organizations, it is exceedingly 
difficult to connect conclusions achieved in 
this framework with the body of classical 
planning theory. Neither the use of space as 
a resource, which must be allocated just like 
any other scarce resource, nor the impact of 
population density (i.e. space available per 
individual) can be found in their formula- 
tion as yet. 

Existing planning theory presumes that 
decisions regarding who gets what space for 
what purpose are strategic because it has been 
repeatedly observed that such allocations 
have very long run patterned consequences 
that are readily isolated and detected. 
Departmentalization and decentralization 
phenomena, because they are aspects of 
boundary setting, are strongly influenced by 
events in the geographical environment. It 
is interesting that abstraction from common 
sense space seems so extreme, while the 
abstraction away from bioenergetics, such as 
nutrition and muscular effort, is more readily 
accepted. Perhaps this is because nervous 
energy and psychic energy, the variables 
most relevant to social activity, have not 
been subject to physical measurements. 

It appears that all these missing ingredi- 
ents—history, spatial distribution, and the 
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design of artifacts—can best be analyzed as 
factors of organizational style. Style results 
from a special bias applied to decisions when 
the data for computing the optimum are not 
good enough to permit the disqualification of 
all but one alternative. Rather than choose 
at random, as most theorists would prescribe, 
policymakers in the real world tend to im- 
pose arbitrary constraints of their own 
making. As a consequence a more concrete 
set of expectations in the departments and 
divisions of the organizations is created 
which makes subordinate decision making 
easier—unless the style is so constricting that 
all options are disallowed! The stylistic bias 
therefore is reflected in institutional be- 
havior, as well as the design of artifacts in 
its immediate environment, and it has impli- 
cations for internal organizational structure. 
For the sophisticate the imprint of these 
characteristics is as recognizable as a trade- 
mark. The origin of this institutional style is 
to be found to a large extent in the person- 
alities of the individuals who shaped and re- 
formed the organization during critical 
periods of growth and _ reorganization. 
Strong men and critical events are usually 
associated with each other in viable organi- 
zations, so biographical history can often 
provide as important sources of explanation 
as investigations of past events and their 
consequences. 


PLANNING AND FACT GATHERING 


Planning for the maintenance of general 
equilibrium is a rather pallid and prosaic ac- 
tivity as compared to growth, amalgama- 
tion, dismemberment, etc. Burton Dean’s 
contribution to the special issue on decision 
making of the Administrative Science Quar- 
terly (December, 1958), lays out the methods 
for what might be called “middle run” 
planning. This method, which also endeavors 
to ally itself with observational science, such 
as operations research, would: (1) sort out 
the objectives of the organization along with 
the assumptions, limitations, expectations, 
and other factors which together introduce 
“problems” (in March and Simon nomencla- 
ture this would entail the search for conflicts 
in the means-ends structure), (2) develop a 
simplified ‘“‘model”, preferably mathemati- 
cal, where the employment of certain factors 


that are under control of the organization 
may be optimized with respect to the 
achievement of ends, (3) vary the factors 
introduced into the model so as to discover 
what changes in procedure are likely to 
yield better results, (4) test these predictions 
against recent history or current observa- 
tions, (5) explore the effects of uncontrolled 
variables (model parameters) upon the opti- 
mization process, so that if and when these 
changes should occur the model can be 
appropriately adjusted, and (6) translate 
the tested solutions to the problems into 
programs and sub-programs which can be 
understood by the members of the organiza- 
tion that are held responsible for the special- 
ized efforts. “‘A plan,” says Meyerson and 
Banfield (1955) in an appendix on rational 
planning, “is a course of action laid out in 
advance.” 

The sequence is not carried out in as 
orderly a fashion as outlined here because the 
final plan is the outcome of a series of suc- 
cessive approximations. The cycle is re- 
peated, usually three or more times, not 
always in the order listed, before a suitable 
solution is likely to emerge. 

Most of the effort devoted to planning 
turns out to be concerned with the accumu- 
lation of relevant information and the com- 
bination of this material with the means-end 
structure so as to achieve an economical 
description of the system as represented by 
the model. The longer the time period in- 
volved in the plan the greater the body of 
information to be searched. The volume is so 
great that planners, like other organiza- 
tional staff specialists, need to interpose 


institutional devices that integrate the dis- | 


counted expectations of competing organi- 
zations into a single current figure. The 
market value for land and natural resources 
in situ serves such a purpose. The interest 
rate on bonds and mortgages helps a great 
deal. Insurance is another device for reduc- 
ing the area of risk that needs to be ex- 
plored and analyzed. All of these are mecha- 
nisms operating in the economic sphere that 
enable planners and others to delimit the 
“area of feasibility.”’ In a somewhat different 
fashion the demographic trends uncovered 
by the Census and the state of geographie¢ 
synthesis of spatial structure provide other 
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EXPLORATIONS IN THE REALM 


bases for delimitation. In the sphere of cul- 
tural variables the law, the language and the 
curricula in the schools are all sufficiently 
abstracted and codified so that the feasi- 
bility of alternatives for future action can be 
assessed with a reasonable amount of effort. 

Planning for the steady state at the 
comprehensive, or governmental, level im- 
plies that adjustments will be made to 
compensate for physical events (weather, de- 
pletion of natural resources, etc.) and to main- 
tain the boundaries of the organization. For 
the large corporation or other bureaucratic 
social organization (a city, a large university, 
a church hierarchy, etc.) such planning 
would include much more adjustment to po- 
litical and social events in the environment 
than to the physical changes. The plans 
themselves are then instruments for intro- 
ducing negative feedback. They imply small 
reallocations of human effort within the or- 
ganization that is programmed over time so 
as to re-establish the key operating variables 
that threatened to slip below the danger line. 

But what if it is desired to jump to a new 
and higher state of operations? This possi- 
bility imposes an altogether different set of 
conditions upon the planned course of ac- 
tion. Then a near approximation to planning 
for equilibrium is that of planning for 
constant growth, as is done in most of the 
governmental planning in the United States. 
The desired steady state for the American 
economy implies an annual population 
growth of 1-2% per year, and an income 
growth of 3-5% per year. Such a pattern 
cannot continue ad infinitum, because space 
and physical resources are limited, but the 
international picture is such that we as a 
nation have not considered at all the means 
by which it may level off with a minimum 
of internal dislocation. Only a handful of the 
700 selected citations in March and Simon 
regarding contributions to organization 
theory apply to conditions of steady growth, 
but none at all apply to the dynamics of the 
levelling off process. The studies have not 
really begun in this last area. 

The planning task for societies that are 
slipping toward lower standards and even- 
tual disaster but aspire to the higher state of 
existence that has already been achieved by 
some of the other societies around them is 
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certainly the most difficult of all. This is the 
problem posed by most of the so-called 
underdeveloped areas. For them the trend 
of some of the key variables must be re- 
versed. The second derivative with respect 
to time must be made strongly positive as 
well as the first. Much wider ranging for in- 
formation is necessary in this kind of 
planning, and a great deal of innovation is 
required in the course of assembling the 
alternatives for decision. The programs often 
cannot be spelled out in detail ahead of time, 
so that much of the achievement must be 
obtained through encouraging entrepreneur- 
ial activity which tends to exploit the short 
run opportunities for profit. The demands 
made by planning upon the new theory of 
organization place heavy emphasis upon the 
innovations made in the building of organi- 
zations and in their fact-finding activities. 
What kinds of.innovations do we observe in 
the field, and how do they relate to the 
development of the theory? 


INNOVATIONS IN ORGANIZATION BUILDING 


The resolution of large questions of the 
sort encountered in developing countries re- 
quires the creation of new systems for col- 
lecting and analyzing huge quantities of 
data, and the formation of new organizations 
to exploit the opportunities uncovered by 
the extra data. Many of the necessary de- 
vices that are being prepared to solve these 
problems are being elaborated here in the 
United States in order to meet problems of 
quite a different kind of growth. Let us look 
around a bit and see what is going on. 

Perhaps the most meaty and illuminating 
of the recent contributions is the Leavitt- 
Whisler assessment of an as yet barely iden- 
tifiable transformation of management and 
planning activities in medium to large 
American business enterprises (Leavitt and 
Whisler, 1958). They see an information 
technology coming into being which relies 
upon (1) the rapid processing of large 
amounts of data by computers, (2) the ap- 
plication of statistical and mathematical 
methods, such as are involved in quality 
control, operations research, and simulation, 
and (3) the solution of formalized problems 
requiring higher order thinking equivalent 
to that demanded of chess masters. A tech- 
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nical elite is already appearing on the scene 
to handle this apparatus, and it is important 
to observe that it reports directly to the ex- 
ecutive or his immediate staff. We may 
anticipate that this elite will become isolated 
from the middle management of the firm so 
that top men do not work up from the lowest 
professional ranks, as at present, but enter 
as organization “‘specialists’’ of one kind or 
another. The latter work on the factors asso- 
ciated with supply and demand over the 
middle run to the long run and develop 
principles for optimization which are then 
applied to daily operations. The top execu- 
tive henceforth is more and more likely to 
have had several years graduate training 
where he has been exposed both to modern 
decision theory and applications of the 
information technology. 

Observations made upon the firms which 
are presently innovating in-this direction 
are most revealing. Almost all that we see 
were started in the first decade after World 
War II by physical scientists, engineers, psy- 
chologists, and even a few architects and 
designers. They have gone into computers, 
weapons systems design, business systems, 
instrumentation, and certain related techni- 
cal services like weather forecasting, mineral 
prospecting, market research, product de- 
sign, etc. 

These firms are extremely aggressive, 
quick-acting, and growth-oriented. Initially 
they operate from hand to mouth, and are 
forced to find resources in unusual quarters. 
The new personnel are selected so as to be 
like-minded. At that time it is relatively easy 
for the recruits to fall in with the style that 
is affected by the organization. The internal 
language that evolves during periods of 
rapid growth gets filled with strange nouns, 
a few much-used bizarre verbs, and some ex- 
pressive phrases that become obsolete 
quickly and are replaced by new ones. Every- 
body is overloaded with communications— 
those dealing with the outside have a task of 
virtually infinite proportions digging up new 
contracts while still retaining membership 
in the group, while the design-oriented indi- 
viduals complain that they never have time 
to think. There is a continual struggle 
against redundancy in internal communica- 
tions, so that various time-saving devices 
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are invented for supplying the necessary 
context. One firm that I know evolved a 
form of telegraphic prose which they natu- 
rally (because it was a computer firm) 
labelled “‘bit-talk.”’ 

Formal status in such organizations jis 
adhered to primarily for external legal form, 
because the give and take is much less struc- 
tured by assigned position and more affected 
by personal forcefulness and the relevance 
of specialized background to the problem at 
hand. Conferences and “groupthink” be- 
come the standard techniques for organiza- 
tional problem-solving. The impressions 
gained at these meetings provide the infor- 
mal terms of reference that guide program 
development and planning. The clues to the 
further development of organizational style 
are picked up at such sessions. 

Almost all of these firms have run into 
some kind of trouble, most of it due to a 
lack of reserves and the urge to grow more 
rapidly than the competition. Rather than 
go under completely for lack of capital or 
other resources, a large share have had to 
sell a part of the ownership, including con- 
trol of the voting stock. Further expansion 
of activities is then usually assured, but the 
limits upon the directions that these activi- 
ties may take tend to become more explicit 
because known veto groups of fixed status 
and viewpoint have come into being as a 
consequence of the deal. The accounting 
system is regularized, contractual arrange- 
ments are scrutinized by corporation counsel 
so that unusual risks are eliminated, attribu- 
ted status becomes more differentiated and 
conforms more closely to formal status, the 
internal language becomes less slangy, the 
like-mindedness becomes diluted by infu- 
sions of personnel that fit qualifications set 
by the newly acquired parent or are hired in 
desperation in order to get the work out in 
time, and the cohesiveness of the innovating 
groups is diminished. 

Now, more than a decade after the origi- 
nal trend was noticeable, and five to ten 


years after sponsorship of one sort or an- — 


other was obtained, a new phase is beginning. 


The top management of the sponsors is being J. 


taken over by some of charter members of 


the new elite they adopted. The latter may — 
be expected to institute renovations and re-_ 
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organizations of the older forms of produc- 
tion so as to bring them into line with the 
systems concepts evolved to handle weapons, 
missiles, detection equipment, atomic en- 
ergy, health programs, etc. Sometimes the 
transfer of power is even signified by a 
change in name, as with the new Thompson 
Ramo Wooldridge Company. These modern 
managements will find serious jobs for the 
computers to work on, and the aimless trial 
and error explorations of their usefulness 
that is so common at present in older firms 
will come to a halt. It is my own guess, in 
partial contradiction to the ideas expressed 
by Leavitt and Whisler, that medium to 
large firms will find that the returns from 
studies of production processes carried on in 
older establishments will have trivial out- 
comes. For them the most significant im- 
provements in overall efficiency should re- 
sult from a more detailed analysis of the 
future markets, and from planning com- 
pletely new installations to replace those 
that are rapidly becoming obsolete. The 
forecasting problem is one that seems to 
require virtually an infinite amount of infor- 
mation handling. Alternate futures need to 
be mapped, depending upon specified con- 
tingencies (i.e. “if A occurs, then the control 
variables should conform to the following 
relationship . . . etc.’’). 

The plans that are assembled on the basis 
of acquiring and analyzing one or two orders 
of magnitude more information will require 
more flexible organizations to execute the 
plans. The flexibility can be achieved by 
bringing more background information to 
lower and middle management, either 
through short courses or through carefully 
designed internal communication channels. 
They must be offered a chance to sub-opti- 
mize and also contrive to leave some room 
for judgment by members of the regular 
labor force. 


THE RISE OF THE MERITOCRACY 


The longer run consequences of the rise of 
a new elite have been traced recently for the 
English society (Young, 1958) and a lasting 
appellation for the new system has been 
found. A “meritocracy” is a Platonic re- 
public embedded in modern Western culture 
employing late twentieth century technology 
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and behavioral science. The selection of the 
fittest for positions of power is made pos- 
sible through the use of improved tests of 
mental capacity. 

In England a meritocracy is the natural 
outcome of the Education Act of 1944. The 
steady application of the principles of fair 
play incorporated in it, especially the by- 
passing of inherited privilege, is skimming 
the talent from the working classes. The 
scholarship holders have their personalities 
reshaped and their speech retreaded in the 
grammar schools, technical colleges, insti- 
tutes and universities to fit them for re- 
sponsible posts in the bureaucratic indus- 
tries, the civil service, and the newer 
professions. By the late 1960’s, when the 
school facilities necessary to this vast in- 
crease in investment in human resources 
system has been adapted to the larger flows 
of highly trained persons, there will be 
virtually no chance for a man to rise through 
the works to become a plant manager or 
even a Labour M.P. The industrial workers 
and the clerks would lose their thought- 
provoking rebels and organization builders. 
The ferment in the working classes would be 
gone and a lackluster life revolving around 
consumption would replace it. 

But the middle and upper castes—to use 
the more correct sociological term—are 
similarly undermined, even though the proc- 
ess would be slower. Sinecures for the less 
competent members of influential families 
tend to disappear in a drive for rational 
social, economic, and political organization. 
The “low performers” may be forced to 
accept less prestigious positions, but a large 
share are likely to emigrate to the Dominions 
where inherited wealth and aristocratic line- 
age may still count for something for a 
while longer. 

The ascendancy of the meritocracy may be 
expected to upset seniority rules as well. It 
is then that wisdom is truly done in by 
science. In a meritocracy a man is permitted 
to remain at the top only so long as he re- 
tains the vigor and capacity necessary for 
the role, but drops back to less demanding 
positions at a later age. Michael Young 
(1958) envisages a go-getter from Yorkshire 
born in 1957 with an I.Q. of 120 as reaching 
the House of Lords (by then a refurbished, 
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power-wielding House representing the mer- 
itocracy) via a Cambridge University second 
class honors degree, a lecturership in Acton 
Technical College, a Commonwealth Fel- 
lowship to Harvard University,.a research 
post in the Textile Technicians Union, and a 
Union secretaryship (the status of workers 
is greatly modified by the advanced stages 
of mechanization and automation so that 
their unions also require college-trained 
managers). He gets his peerage at age 64 
and by age 76 has moved all the way back 
down to an assistant lecturer’s post at Acton 
Technical College. The real elite, made up 
largely of those that take first class honors 
degrees, is expected to be dominated by its 
scientists, both pure and applied. For them 
Harwell is hallowed ground, since it was in 
the Atomic Energy Establishment that the 
new social pattern originated. 

Once all the bottlenecks to production 
have been removed, this system should 
flourish. The end of the second Elizabethan 
Age should—external conditions permitting 
—lead to a new and unparalleled spurt of 
economic growth. With all that brainpower 
synchronized Britain might well pull up to 
being a top level economic and _ political 
force again. 

But the meritocratic system has a fatal 
flaw and Young, being a sociologist, was 
able to spot it. Common sense demands 
that female brains be trained as well as 
male, and matters of economy in education 
require that they use many of the same 
facilities and pick up the same skills as the 
males. Yet there is a basic asymmetry here 
for which it is difficult to plan. Intelligent 
women are needed for reproduction and the 
provision of a suitable home environment. 
The quality of the elite of the next genera- 
tion will depend very heavily upon their 
fertility and child-raising capacities. Being 
human they cannot fail to develop strong 
emotional ties with their children, even 
when the latter are condemned to medioc- 
rity and the unexciting social position that 
is allocated to it. Many ‘omen would feel 
that there is something wrong with a so- 
ciety that imposes such barriers between 
members of a family as they mature. In- 
evitably the remarkable capacities that 
splinter groups of intellectuals have for 
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protesting evils when they see them, and 
rationalizing the protest, can easily be set 
into motion as demands for reform. When 
such sentiments line up with the natural 
resentments of the families of technicians, a 
revolt of the masses is in the making. Is 
2033 to be like 1789 or 1848? 

Some factors are taken into account in 
this fictional projection into the future that 
the experiment-oriented theorists find it 
more convenient not to employ as variables. 
Organization theory as developed by March 
and Simon, as well as their predecessors 
(the Gilbreths, Bedaux, Taylor, etce.), is 
asexual. It must keep biology in the ceteribus 
paribus closet along with many other mat- 
ters. Leavitt and Whisler, if they were to 
refine their predictions regarding the impli- 
cations of the use of the new theory, would 
have to look for jobs, or at least rewarding 
activities, for a class of corporation wives 
who presently rebel against many of the 
proprieties of upper middle class suburbs. 
These home-finding and community-build- 
ing needs are injected into the decision 
making process in the firms and into the 


continuing metropolitan muddle. The pos- 


sible outcomes, when explored in depth, are 
interesting enough to challenge W. H. 
Whyte, Jr. to assemble even more detailed 
conceptions of future city structure (1958). 


ORGANIZATION PLANNING 


We are left with the impression that if the 
behavior of an organization is to be compre- 
hended sufficiently to permit partial pro- 
gramming over the long run it must be 
described in nine or ten analytic languages, 
each emphasizing one feature of the internal 
action but necessarily overlapping the 
others when undertaking to ‘“‘explain’’ the 
observable phenomena. For large firms and 
public enterprises these language types may 
be associated with leading questions as 
follows: 

means-end schema (What businesses are 

we really in?) 

authority structure (Who bosses whom on 

what matters?) 

job-slot pyramid (What is the extent of 

individual responsibility?) 
communications network (Who talks to 
whom, when, and about what?) 
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group linkages (What teams coordinate, 

and how?) 

decision rule structure (When internal con- 

flict threatens, what gives?) 

program inventory (What tasks are we 

proficient in?) 

spatial organization (Where do we operate 

from?) 

style (What special character should we 

assume?) 

socio-political environment (What kinds of 

public service are worthwhile for the 
organization?) 

A comprehensive long range plan must 
have even more facets than this. It should 
include a policy for the modification of the 
structure or pattern to be found in each 
aspect, and identify the leverages available 
for bringing about the proposed changes. In 
other words, the goal-changing possibilities 
need to be taken into consideration. A plan 
for a large enterprise may impose structure 
upon the future in the following manner: 

(1) modify organizational ends so as to 
achieve greater consistency, usually by 
means of educational effort that helps mem- 
bers of the organization interpret experi- 
ences which are new to them but are foreseen 
by planners and managers; 

(2) assist the transfer of authority either 
upward, downward, or laterally, or dilute 
the authority by introducing new veto 
groups or feedbacks, usually through the re- 
vamping of constitutions, charters, and 
operating codes; 

(3) devise replacement charts for the re- 
sponsible positions which show what mem- 
bers should develop the qualifications to 
succeed the incumbents, as well as how 
outside recruitment can be conducted; 

(4) reorganize the informal person-to- 
person communications channels, mainly 
through design of buildings, equipment, and 
other features of the physical environment, 
the initiation of training classes, the sponsor- 
ship of services like credit unions, etc.; 

(5) maintain the viability, creativity, and 
connectedness of groups, principally through 
dissolution of some and the initiation of 
others; 

(6) predict the kinds of internal conflicts 
that will arise and provide mechanisms for 
early adjudication or resolution; 
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(7) assemble routines from a wide variety 
of potentially productive acts, similarly 
construct programs from the routines, and 
establish such programs as alternative 
means to accepted ends; 

(8) choose the headquarters and the 
other centers of operation in physical space 
in such a fashion as to economize on the 
scarce resources that must be expended for 
maintaining contact with the less centralized 
elements; 

(9) recast the internal views of the roles 
played by members of the organization so 
that they remain compatible with the ex- 
ternal view which in most cases is the public 
relations stereotype that the organization 
has created for itself by its actions upon the 
social environment (sometimes it may be 
preferred to attempt the difficult task of 
changing outside opinion). 

The elements of governmental planning 
may be framed in procedures quite similar 
to those outlined above. The planning hori- 
zon for government is generally more distant 
than for firms. But what billion-dollar-class 
organizations these days think of themselves 
as other than immortal? 

We have noted earlier that large firms deal 
with unprogrammable elements by buying 
up small and promising entrepreneurs as well 
as promoting research and development 
under their own auspices. Governments at 
the national level—occasionally also at the 
state or provincial level, but very rarely at 
the metropolitan level—use these strategies, 
but they also depend upon the party system 
and individual politicians. Innovations in 
social services generally appear first as pro- 
posals by reformers, then as_politician’s 
causes, and later as party platforms of mi- 
nority political groups. They are accepted 
by the majority when coalitions are formed, 
compromised in the course of legislation, 
then translated into law, and finally imple- 
mented through bureaucratic procedure. 

The new administrative element that we 
have described is likely to find its way into 
government as well. The combined influence 
of agencies like the Rand Corporation, the 
scientific advisers in the Pentagon and the 
White House, the promised staff colleges for 
training the highest levels of the civil service, 
the centers at universities for the evaluation 
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of policy alternatives, and the headquarters 
organization of the “prime contractors” is 
expected to increase. Unless Congress soon 
adopts some apparatus for broad-based fact 
gathering and analysis the politicians them- 
selves will be the last to be affected. 

We see ahead of us, then, an expanding 
science of organizations and a swelling 
stratum in society, perhaps even a new elite, 
which is proficient in its application. The 
present stage of theorizing, which concen- 
trates heavily upon equilibrium conditions, 
will need to be extended very substantially 
if the scope given to wisdom for decision 
making is to be whittled down. The most 
crucial area for investigation is that of 
growth. The properties of steady growth 
need to be understood better if we are to 
deal with the futures of Western societies. 
They are not unlike the properties of equi- 
librium except that the long run requires a 
transition to some near optimum equilibrium 
state with a minimum of overshoot. For 
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other parts of the world the appropriate 
theory is still more complex because they re- 
quire a strong acceleration of organized 
activity, a “takeoff” analogous to that used 
by aircraft, before a steady state of continu- 
ing growth can be achieved. 
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I am bound by my own definition of criticism: a disinterested 
endeavour to learn and propagate the best that is known and 


thought in the world. 





—Matthew Arnold 
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BOOK REVIEWS 


Warren S. Torgerson, Theory and methods 
of scaling. New York: JOHN 
WILEY AND Sons, Inc., 1958. 
Pp. 460. 

n 1950 the Social Science Research 
I Council appointed a Committee on 
Scaling Theory and Methods to consider 
the use of scaling procedures in social science 
research. The Committee felt that the po- 
tential usefulness and wide applicability 
of psychological scaling methods was 
enough to justify preparation of a reference 
source on these methods. This book was 
therefore prepared under their auspices, 
with the hope that it would encourage the 
use of these techniques by social scientists 
and also lead to further development of the 
methods themselves. 

The book is divided into three sections. 
The first three chapters discuss the nature of 
measurement and present a classification of 
scaling methods in terms of whether the 
information obtained is a judgment re- 
garding the location of a stimulus on an 
attribute continuum, or is a response indi- 
cating a relation between the location of a 
person and the location of a stimulus on an 
attribute continuum. Chapters 4 through 
11 are concerned with thejudgment methods, 
and Chapters 12 through 14 with the re- 
sponse methods. In addition there are: a 
summary chapter, an Appendix containing 
two cumulative normal curve tables, and a 
600-item Bibliography. 

Perhaps the major contribution of Tor- 
gerson’s book is the convenience of having, 
under one cover, discussions of many topics 
drawn from widely scattered sources, which 
are often difficult to obtain. But the gain 
is not only in the packaging and avail- 
ability. For each procedure that is discussed 
sin any detail there are four sections: the 
underlying theory, the experimental pro- 
cedures for obtaining the observations, 
analytical procedures for estimating the 
parameters, and ways of evaluating good- 
ness of fit. Some of the material presented is 
original and presented here for the first 


time; most of it is not. However, even though 
most of the material is available in other 
forms, there is a surprising amount to be 
gained from an abstract analysis of each of 
the methods, independent of any specific 
content, from one point of view, and in one 
consistent notation. For example, the 
author’s development of the general normal 
ogive model for response data indicates 
direct analogies between that model and 
Thurstone’s mental-age model, developed 
earlier for the same kind of data, and also 
with the model for the law of categorical 
judgment developed for judgment data. 

Torgerson is especially thorough in his 
discussions of goodness of fit; in fact, the 
scope of the book is explicitly restricted 
to “fundamental” scaling procedures—that 
is, scaling methods to which the notion of 
goodness of fit is applicable. It is appropriate 
that more adequate goodness-of-fit tests 
should be developed for evaluating scaling 
techniques, since a scaling procedure is, 
in the most general sense, a form of descrip- 
tive statistics—a procedure for representing 
some large number of observables by some 
small number of parameters. If the pro- 
cedures used to determine the parameters 
are appropriate (if the theory about the 
domain of interest is correct), then the 
small number of parameters will contain 
nearly the same information as the original 
data, but in a more compact form. 

For example, suppose m people judge n 
stimuli r times, giving m X n X r observa- 
tions in the raw data. For dichotomous 
judgments, like “pass” and “fail,” these 
are often summarized in terms of the 
proportion of times person 7 “‘passes’’ stimu- 
lus j, giving m X n observations of these 
proportions to be analyzed. One scaling 
procedure used with data of this type 
assumes that each person and each stimulus 
is represented by a position on the under- 
lying attribute, with each position subject 
to random (normal) error. The end result of 
the analysis is m parameters corresponding 
to individuals’ abilities, and n parameters 
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corresponding to the difficulty of the stimuli. 
Thus, we have achieved the economy of 
describing m X n observations of pro- 
portions with m + n parameters. Even for 
moderate sized numbers of people and 
stimuli this represents a considerable 
savings—for m = 100, n = 100, we describe 
10,000 proportions with 200 parameters. 
By working the entire scaling procedure in 
reverse we can compute the ideal propor- 
tions that are implied by the scale parame- 
ters, and the comparison of these “derived” 
proportions with the observed proportions 
is a test of goodness of fit. Statistical pro- 
cedures enable us to express degrees of 
goodness of fit and to evaluate the prob- 
ability of obtaining various degrees of 
goodness of fit by chance, assuming our 
theory is correct. 

This book may be evaluated from two 
very different points of view. One is the 
point of view of the specialist in measure- 
ment psychology. Certain sections of the 
book were apparently written with this 
group in mind—for example, the long 
discussion of whether scaling is to be re- 
garded as measurement of an object, or as 
measurement of an attribute or property 
of an object. For these people the principle 
function served by the book is to bring 
_ together, under one cover, a large amount 
of material with which most measurement 
psychologists must already be familiar. 
However, the system of scaling procedures 
developed is by no means complete. Only 
the judgment vs. response classification is 
regarded as basic; all other classificatory 
principles are introduced as needed under 
particular headings. The few original de- 
velopments might, in some instances, have 
been presented to the field more approp- 
riately through other channels. To this 
reviewer it seems unnecessary to spend 10 
pages on a detailed example of color scaling 
from Torgerson’s doctoral thesis, in view 
of the space allotted to other topics. 

This book may be evaluated in a very 
different light in terms of the goal originally 
sought by the Social Science Research 
Council. The expressed hope was that this 
book would help to bring about a greater 
use of psychological scaling methods in 
various areas of social science. It does not 





appear that this book brings us much closer 
to this goal. This is not to say that recent 
and esoteric developments in psychological 
scaling are not of potential interest to 
workers in other areas of social or behavioral 
science. On the contrary, it seems very 
likely that the multidimensional and quali- 
tative scaling techniques, developed almost 
entirely in the past 10 or 15 years, are the 
most suitable techniques for many applied 
areas of research, due to the complexities 
of the problems and the nature of the data 
available. This book is largely concerned 
with certain frontiers of psychological 
scaling. Perhaps the problem lies in the 
fact that social science disciplines, unlike 
neighboring countries, don’t meet at their 
frontiers. Furthermore, Torgerson provides 
no help in the difficult multilingual feat. of 
translating the methods from the variables 
of psychology—from color and intelligence 
and loudness and lifted weights—to the 
variables of interest to social scientists. 
Even a cursory examination would indicate 
that Torgerson’s book, in contrast with a 
book like Guilford’s Psychometric methods 
(McGraw-Hill, 2nd ed., 1954), is not a 
handbook of scaling techniques. Guilford’s 
book (which has drawbacks of its own), 
for example, supplies 13 statistical tables 
and many graphs necessary for the applica- 
tion and interpretation of several of the 
particular techniques; Torgerson’s book 
offers only two tables, both of them being 
percentage points of the cumulative normal 
distribution function. Torgerson’s book could 
be recommended in preference to Guilford’s 
only for the material on multidimensional 
methods or for the derivations of particular 
techniques. 

One other limitation adds to the difficulty 
of using the book—the 600-item Bibli- 
ography is not indexed, nor is it itself used 
as the subject index; that is, there is no 
notation of the page on which reference 
to a particular item appears. For this re- 
viewer, such an omission considerably 


reduces the value potentially inherent in 
such an extensive bibliography. : 

It would seem that two books still need 
to be written: one a complete systematiza- 
tion for the expert, the other a handbook 
for the social scientist. In the meantime, 
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r Torgerson’s book will serve some of the ing circuits, stimulus generators, test 
t needs of both groups. instruments, and, as an after thought, 
1 Rosert HEFNER transistors. The book is evidently intended 
0 The University of Michigan to be a set of directions and not a theo- 
I retical treatment and so an account of its 
y Brown, Clinton C. and Saucer, Rayford T., theoretical shortcomings is probably not 
6s Electronic instrumentation for the relevant. Nonetheless, the continued care- 
t behavioral sciences. SPRINGFIELD, lessness of presentation, the misuse of 
e Iuu.: CHARLES C Tuomas, 1958. standard terms, the misinformation on 
d His book is intended to bring knowl- technical matters render it worse than 
8 edge about electricity and electronics useless. For an uninitiate to be exposed to 
a within the understanding of those who must this book might well. set back his under- 
d use these tools in their research. It begins standing of the subject rather than enhance 
Y with a discussion of fundamental com-_ it. 
3 ponents such as resistors and capacitors; Caxton C. Foster 
e discusses vacuum tubes, power supplies, Mental Health Research Institute 
ir amplifiers, oscillators, timing circuits, switch- The University of Michigan 
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1s Suppose that we were asked to arrange the following in two 
a categories—disiance, mass, electric force, entropy, beauty, melody. 
'g I think there are the strongest grounds for placing entropy along- 
), side beauty and melody and not with the first three. Entropy is only 
es found when the parts are viewed in association, and it is by viewing 
a- or hearing the parts in association that beauty and melody are dis- 
he cerned. All three are features of arrangement. It is a pregnant 
yk thought that one of these three associates should be able to figure 
ng as a commonplace quantity of science. The reason why this 
al | stranger can pass itself off among the aborigines of the physical 
Id world is, that it is able to speak their language, viz. the language of 
1’s arithmetic. It has a measure-number associated with it and so is 
al made quite at home in physics. Beauty and melody have not the 
ar arithmetical pass-word and so are barred out. This teaches us that 

what exact science looks out for is not entities of some particular 
ty category, but entities with a metrical aspect. When science admits 
li- them it really admits only their metrical aspects and occupies it- 
ed self solely with that. 
no —A.S8. EppinGTon in The Nature of the Physical World 
ce 
re- 
rly 
in 
ed 
zZa- 
ok 
ne, 








é 


COMPUTERS IN BEHAVIORAL SCIENCE 


Latest Methods for the Conception and 
Education of Intelligent Ma- 
chines, Leonard Uhr, University of 
Michigan. 


“New Horizons in Computer Tech- 
nology” was the stated theme of the 1959 
Western Joint Computer Conference held 
in San Francisco March 3-5. These annual 
meetings, sponsored jointly by the IRE, 
ACM and AIEE, have in recent years been 
the outlet for papers reporting some of the 
most exciting new ideas for computer appli- 
cation. 


Pattern Recognition (Perception) Machines 


W. H. Highleyman and L. A. Kamentsky 
described a generalized scanner. A fine-dot 
source of 100 by 100 points and a cathode ray 
beam that will move in a straight line be- 
tween any two specified points is used to 
generate the scan pattern. The scanner senses 
two colors, one for centering upon the pat- 
tern, the other for the pattern itself. Di- 
mond’s method for identifying numbers by 
means of seven line crossings has been suc- 
cessfully programmed and run. Several dif- 
ferent identification techniques are also 
under study. 

Kamenisky, in a second paper, described 
an economical, practicable sensing unit 
that can be programmed to process a pattern 
by means of different transformations of 
the spot being sensed in combination with 
its four horizontal and vertical neighbor 
points. A transistor is connected from each 
of these four neighboring points into a 
counting circuit with four threshold settings. 
Three self-settings (of the central point) 
can also be used, giving 12 transformations. 
A matrix of these units is now being ex- 
amined in pattern recognition experiments. 
Modifications which sense closed loops have 
been developed, using eight neighbors and 
bringing in inputs along radii. Direction 
and contour sensing are also feasible. 
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C. C. Heasley discussed some of the prob- 
lems involved in the processing of char- 
acters. Various methods for eliminating and 
avoiding ‘“‘noise’”’—the use of colored, glossy, 
or magnetic inks, of noise-free paper, ete.— 
were described. Two types of scanning 
were compared: two-dimensional scanning 
(as used for TV) and amplitude scanning 
(summation in one direction of the distri- 
butions in the other direction). The dis- 
advantages of the amplitude scanner are 
that in processing it loses at least half the 
information and requires extremely little 
variation in printed letters between the 
heavy and the light stroke. The two- 
dimensional scanner can aggregate as a 
second step, thus incorporating the ad- 
vantages of the amplitude scanner. 


Information Retrieval and Language Trans- 
lation Machines 


B. Kessel and A. DeLucia described a flex- 
ible, high-speed information storage and re- 
trieval device designed to scan 200,000 bits 
per second (260 documents per second, 
each document containing groups of seven 
42 alpha-numeric character words) simul- 
taneously for ten ‘descriptor’? questions 
(e.g., “‘missiles,’’ “‘geometry.’’) Logical re- 
lations (equality, less than, more than) 
can also be computed. A standard 2,400 
foot reel of one inch magnetic tape will 
store 68,500 typical entries, with a total 
search time of 4.4 minutes. 

L. Doyle described the first results of a 
project directed toward solving the problem 
of organizations in cataloging and storing 
technical reports and unbound documents. 
He suggested four criteria for a good index 
language: (1) short, equilength words; (2) 
no synonyms; (3) relationships between 
meaning and alphabet ordering that will 
allow for generic searching; and (4) a quan- 
titative relation of assignment of mean- 
ings to the contents of the particular 
library. The need was stressed for the 
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study of the ways in which people search, 
observe, and categorize. It was pointed out 
that the human being far surpasses the 
machine at present in the extraction of 
“meaning,” and in such simple tasks as 
looking up a number in a phone book (which 
would require nine IBM 704’s for equivalent 
speed). The suggestion was made that the 
index language might be compiled by choos- 
ing words that had high correlations with 
other words. Empirical support for this 
idea was presented in the report of an 
experiment in which it was found that the 
word “ADC” (Air Defense Command), 
which would appear to be a good index 
word, had higher correlations with other 
words in the documents in which it occurred 
than did the more general and less useful 
word ‘‘time.”’ This sort of suggestion would 
seem to indicate the usefulness of a factor 
analytic approach to the meaning contained 
in a group of documents, leading to a choice 
of index words with high loadings on the 
extracted factors and low intercorrelations, 
thus maximizing information. The possi- 
bility of. eliminating good index words 
because they were unique and hence did 
not correlate with other words or belong 
with any factor was not discussed. 

R. De La Briandais presented a method 
for locating information identifiable by a key 
word of variable length, using a general 
purpose computer. A “tree” is generated, 
in which each letter of the index word is 
stored in a separate machine word. The 
location of the next letter in the word is 
also stored, allowing the search to continue 
until the complete index word has been 
found. Thus letters that words have in 
common need only one storage, and new 
words can always be added by stringing 
out new letters. Theoretically, 40 alpha- 
numeric comparisons (at most) would be 
needed for each letter in the index word. 
But in practice only 40 comparisons are 
needed for an entire nine-letter word, and 
this remains roughly constant no matter 
how large the total file becomes. 

C. Walker presented a model that attempts 
to link meaning with information, for appli- 
cation to both human and machine uses. 
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Three fundamental relations were defined: 
/ for inclusion, > for signification and 


[| for relation. It was suggested that mean- 
ing (designated ‘‘M’’) is created in such ex- 


pressionsas AJ] B=c [ 4+c [ B+ 


M. That is, “A is related to B” equals “C 
includes A plus C, includes B plus Meaning.” 

R. Samson surveyed work presently being 
done toward the development of successful 
information retrieval and language trans- 
lation by computers. Along with several 
other speakers, he emphasized the simi- 
larities between these two problems. He 
described a photoscopic memory disk, which 
contains a 500,000 Russian-English word 
dictionary (2,000,000 bits per square inch). 

E. C. Gluesing described an attempt to 
formulate a symbolic interlanguage that could 
be used in language translation. His proposal 
consisted in the development of large 
libraries of symbols and identification proce- 
dures. Humans could be taught to translate 
sentences from their native languages into 
the symbolic interlanguage. Thus, for ex- 
ample, a trained Frenchman would prepare 
the symbolic text from French and a trained 
Englishman would translate from symbols 
to English. An example given was the 
symbolization of the phrase “In all logic 
and mathematics...” by “ALM...” An- 
other was ‘‘How does one convince him- 
self that he knows what a word means?” 
by @? [XR(XR'MW)]. (@ stands for how, 
X for subject, R for the relation (in the 
first case for “to convince,” in the second 
for “to know.”’) It was felt that, although 
initially tables for complex relational words 
like adverbs and prepositions would be 
prepared, such words might ‘well turn out 
to be unnecessary. 


Problem-Solving and Learning Machines 


P. H. Greene made a number of provoca- 
tive suggestions toward the incorporation of 
certain fruitful logical and psychological con- 
cepts into the research and theories about 
machines. He discussed problems in abstrac- 
tion and generalization, pointing out that the 
abstractions used by people when communi- 
cating imply the class and totality from 
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which they are drawn, and are generally 
understood only by people with similar 
background contexts. Thus, the best way 
to program machines to exhibit “‘intelli- 
gence” might be to work less in terms of 
atomistic items and more in terms of organi- 
zation. He further suggested that a number 
of subtle logical relations existing in natural 
language could, following Reichenbach’s 
specifications of their properties, be pro- 
grammed for machines. 

H. Campaigne presented results of a series 
of experiments in machine learning. He ap- 
plied Friedberg’s method of machine self- 
monitoring of results and random modifica- 
tion of program after failure to a problem 
simpler than Friedberg’s both in instructions 
used and program size. The program was 16 
instructions long, and consisted of the in- 
structions “load,” “store,” ‘complement,” 
and “jump if positive.”” The number of in- 
structions allowed for completion of a prob- 
lem (at which time the machine monitors the 
answer in the output location) was varied. 
Median number of trials needed for success- 
ful learning with a 14-instruction limit was 
4,400, with a seven-instruction limit 6,800, 
with a four-instruction limit 15,500. Com- 
plete rewriting of the program after failure 
was found to give better results than rewrit- 
ing of a single instruction. It was suggested 
that Friedberg’s random walk method offers 
the machine a chance to be original, but little 
power to learn. 

W. G. Bourtcius posed the machine a prob- 
lem exemplifying the interesting class of 
problems, “given a set of elements, find the 
largest compatible subset.’”’ The specific 
problem was the substitution, from syno- 
nym lists, for words in a list to be recog- 
nized by a speech recognition machine 
inferior to the human, until a workable 
list of distinguishable words was achieved. 
The author suggested that thinking ap- 
pears to be done by subconscious sub- 
routines, and that close introspection was 
the only method for uncovering these. 
He simulated and compared three heuristic 
methods that seem to be used by humans 
in solving this sort of problem: (1) test the 
first word against the others; when an 
incompatibility occurs substitute a synonym; 
(2) follow the same routine as (1) but also 


test the synonym against the words so far, 
(3) determine which word is incompatible 
with the largest number of other words, 
substitute for this word first; reiterate, 
18-bit random pseudo-words were used, 
with the rule that the human can differ. 
entiate their component six-bit phonemes 
when there is a one-bit difference, whereas 
the .machine needs a two-bit difference, 
In his program, method (1) could handle a 
list 240 words long; method (2), a list 500 
words long; and method (3) a list 740 words 
long. The author concluded by suggesting 
that the appropriate human-machine combi- 
nation, in which each component does 
what it is good at, will give the best results. 

It seems worth noting that most of this 
work has been done by private corporations, 
despite the fact that, for many of the more 
complex (and interesting) problems of 
artificial intelligence, the prospects of im- 
mediate practical returns are poor. On the 
other hand, the individual investigator in 
the behavioral sciences has barely begun 
to explore the possibilities of experimenta- 
tion with computers. Conceived of as 
technological problems whose solutions will 
be of enormous practical significance, the 
development of machines that will ‘‘under- 
stand” (in the sense of following simple 
and partially incomplete or confused di- 
rections), “translate” (languages, codes, 
indexes, programs, logics), ‘‘perceive’’ (print- 
ing, patterns, spoken language, objects), 
“think” in ways still cumbersome or im- 
possible for present machines, “learn,” 
“create,” “reproduce,” ‘‘experiment’’ seem 
almost certain to be among the most striking 
advances of the next few decades. In de- 
signing machines to do jobs that human 
beings presently do far better than current 
computers, the engineer should be en- 
couraged and help~d whenever he turns 
to the behavioral sciences for whatever 
aid they can give in drawing up the specifi- 
cations for a machine capable of performing 
such tasks. On the other hand, the behavioral 
sciences should be able to make good use of 
machines to simulate and test models of 
behavior. Coordinated experiments in which 
both human behavior and machine _be- 
havior are studied appear to be an unusually 
promising method for refining our models 
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and generating new hypotheses leading to 
greater understanding of both human and 
machine. 


index of statistical programs available 
in the statistical library of the 
ILLIAC (Part 1)*, Kern W. Dick- 
man, Digital Computer Laboratory, 
University of Illinois. 


These programs were developed in re- 
sponse to the needs of a particular research 
problem. Not all of the programs are in 
their final stage of development. Written 
instructions available for distribution have 
not been prepared for all of them. 

Programs in the statistical library are 
designated by the symbols KSL, and a 
number. A program may be classified in 
more than one way as follows: 


KSL 1.11 Program 1.11 in the Sta- 
tistical Library 
KSL 2.00, Program 2.00, but also K-8 
K-8 in the Main Library 
KSL 2.10, Program 2.10, but also K-4 
K-4 Aux in the Auxiliary Library 
I. MISCELLANEOUS STATISTICAL 


PROCEDURES 


KSL 4.00 Frequency Distributions (K. W. 

Dickman) 

This routine will read sets of n signed 
integers and form frequency charts for each 
set. The lower boundary and the interval 
between categories are specified by parame- 
ters. Alongside the charts will be printed 


*The original design of ILLIAC with 1024 
electrostatic memory locations was followed for 
MISTIC at Michigan State University and 
SILLIAC at the University of Sydney, Australia. 
The CYCLONE at Iowa State College is cur- 
rently being built to the same design. Many of the 
ILLIAC programs are accordingly available at 
these other installations. Divergencies have oc- 
curred between these machines according to the 
type of auxiliary storage which has been added. 
ILLIAC has added a magnetic storage drum with 
12,800 locations, SILLIAC has added magnetic 
tape units, and MISTIC is currently building an 
immediate access core memory of 16,384 locations. 
Programs prepared for the magnetic drum unit 
on ILLIAC therefore cannot be used on the sister 
machines. However, earlier forms of such pro- 
grams which do not make use of the magnetic 
drum are often available in the other computer 
laboratories. (C. F. Wrigley, Editor) 
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bar graphs. The width of each bar graph is 
automatically adjusted so as not to exceed 
the width of the teletype paper. The routine 
imposes no restrictions. 


KSL 4.05 Ranked Numbers (K. W. Dick- 

man) Also on MISTIC 

This routine will read a group of sets of 
numbers and extract from each set a number 
of the largest positive and smallest negative 
values. These will be printed in rank order 
with a number indicating their position 
in the set. Any number of sets may be 
ranked, but the number within a set is 
limited to 700. 


KSL 4.10 Standard Score Transformation 
(John Hurley) 

Before a set of raw scores can be com- 
pared or combined in any manner, it is 
often necessary to transform them to stand- 
ard scores. The mean and standard deviation 
of the transformed data are read in as 
parameters. There is no limit on the number 
of observations, but the number of variables 
is limited to 145. 

KSL 4.20 Construct Samples from a Normal 
Distribution with Specified Means, Co- 
variances, and Serial Trend (K. W. 
Dickman) 

The purpose of this routine is to generate 
samples from a multivariate normal popu- 
lation with specified parameters in order to 
study the effects of sampling under various 
sets of conditions. The variables will be 
correlated in the population, but not neces- 
sarily in the sample, as specified by the 
parameters. Positive or negative trend can 
be introduced in any or all of the variables. 
The number of variables, n, and the sample 
size, S, can vary according to the following 
inequality: 

n? + 9n + 2nS < 1500 

KSL 4.40, K-3 Least Squares (R. Ruben- 
stein) Also on SILLIAC 
The purpose of this routine is to fit a set 


of N weighted experimental points by the 
best polynomial of the form, 


¥=D50X Oi. fe 


K-3 produces a set of simultaneous linear 
equations which can be solved by using the 
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linear equation solver, KSL 6.00 (L-7). 
If the weights are unequal, N is limited to 
291. If the weights are equal, the maximum 
number of points is N = 436. A frequent 
use of this routine by statisticians will be 
when the polynomial reduces to a straight 
line, Y = $(a0 + aX). 

KSL 4.50 Limited Information Estimation, 

Single Equation (K. W. Dickman) 

The LISE program will read a number of 
triangular covariance matrices and store 
these on the drum. A set of parameters 
will be read which specify which variables 
to extract for the total set and which to 
extract for set A and which to extract for 
set B. The routine will then operate suc- 
cessively on each of the covariance matrices 
to calculate the estimates of the A and B 
variables together with their standard 
errors. There are 9300 locations available 
for the store of the covariance matrices. The 
largest matrix that can be handled after 
extraction is of order 14. Both the A and B 
sets are limited to order 6. 

KSL 4.80, M-15 Linear Programming 

(L. Isaacson) 

This program can be used for maximi- 
zation problems or for minimization prob- 
lems of the following type: A given linear 
function 


Z= Cri + Cro + --+ + Cydn 
is to be maximized subject to the constraints 
Aw + Ado + aes + Ain < by 


Ake + hogs + ghee + dite < Dm 
or to be minimized subject to the constraints 
Ait “+ Ashe 9 i Ann > by 


ddd Aided 5+ tod, > he 


II. INDICES OF ASSOCIATION 


KSL 2.00, K-8 Product-Moment Corre- 
lations, Variance-Covariances, Means, 
and Standard Deviations (Gene Golub) 
Also on MISTIC, SILLIAC 
This routine will calculate a matrix of 

correlations and/or covariances and will 

print these either in triangular or square 
matrix form. Printing of the means and 
standard deviations is optional. The maxi- 


mum number of variables is 144. There js 
no limit on the number of observations, 
See also KSL 5.57. 


KSL 2.01 K-8 Revised to Accept Single 
Positive, Unsigned Digits (K. W. Dick. 
man) 

The reading time for this routine jg 
greatly reduced. Not only are the data 
tapes one-half as long, but also no decimal 
to binary conversion is necessary. The 


punching of IBM cards and preparation of |. 


tapes also are accelerated by the use of this 
routine. This routine has the same restric. 
tions as K-8. 


KSL 2.05, K-9 Correlations, Means, Stand- 
ard Deviations, and Covariances in 
Logarithmic Scale (Walter Jacob) Also 
on MISTIC, SILLIAC 
The observations are converted to log. 

arithms (Base 10) as they are read into the 

machine and all further computations are 
done in logarithms. The number of variables 

is limited to 35. 

KSL 2.10, K-4 AUX Analysis and Inter. 
correlations of Scores Based on Paired 
Comparisons (G. C. Stone) Also on 
MISTIC, SILLIAC 
Whenever N groups of raters have chosen 


between each of the e(e — 1)/2 pairs of. 


statements formed by all possible pairing 
of e elements, this program can be used to 
find the product-moment matrix, Rz;s,, 
and the scores for each group, E:, where 
E; is defined as E; = P;;. (Pij.is the 
proportion of raters who chose e; in pref- 
erence to e;.) The number of elements is 
limited to 16. N depends upon e, but is 
large enough for all practical purposes. 


KSL 2.15, K-5 Autocorrelations (Gene 
Golub) Also on SILLIAC 
This routine will read up to 795 observa- 
tions and calculate a set of correlations, 
’x;x;,,, Where the lag h may be set to start 
and to end at any arbitrary values. 


KSL 2.20, K-14 Multiple Regression with 
Transformations (Gene Golub) 
This extremely versatile routine will 
calculate and print any part or all of the 
following: zero order product-moment ma- 


_ trix; variance-covariance matrix; means 


and standard deviations; multiple corre- 
lation R with any of the variables chosen a8 
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independent wie any other as dependent; 
standard error of the estimate for each R 
chosen; unstandardized regression weights 
and their standard errors for each R chosen; 
and the standardized regression weights 
and their standard error for each R. 

In addition the following transformations 
can be made on any of the variables, X;, 
before calculation is begun: X; can be 
eliminated from the set; X; can remain 
unchanged; X; can be squared or cubed; 
the square root of X; can be calculated; 
the logarithm of X; can be calculated; or 
the arcsin of X; can be calculated. The 
total number of variables is limited to 50. 
The number of non-eliminated variables 
for the regression analysis is limited to 22. 
There is no limit on the number of obser- 
vations. 

KSL 2.21 Modified K-14 (Vincent West) 

When several multiple R’s are to be 
calculated on subsets of observations or 
variables of the same data, the modified 
version is preferred. The data is first stored 
on the drum, and then the operations are 
performed as described in KSL_ 2.20. 
(V + 1)S must be less than 8138 where V 
is the number of variables and S is the 
sample size. 

KSL 2.30 Higher Order Partial Corre- 
lations (K. W. Dickman) 

This routine is in preparation. It will 
calculate a matrix of partial correlations 
from a zero order matrix input. The orders 
of partials will be specified by a parameter 
tape. There will be no practical limitations 
to this routine. 

KSL 2.40 Dichotomous Coefficients: Phi’s 
or Covariances (K. W. Dickman) 

This routine will calculate a matrix of 
phi’s or covariances and the means and 
standard deviations for dichotomous data. 
Either a triangular or square matrix may 
be printed either by rows or by columns. 
In addition it is possible to calculate and 
print any submatrix from the total set of 


-intercorrelations. The number of variables 


is limited to 159 and observations to 2535. 
See also KSL 5.57. 
KSL 2.45 Tetrachoric Coefficients (K. W. 
Dickman) 
This routine is in preparation. When 
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finished, it will calculate a matrix of tetra- 
choric coefficients and print these either in 
triangular or square form. The number of 
variables is limited to 159 and the number of 
observations is limited to 2535. 


KSL 2.50 Fisher’s z Transformation: 


In (1 +r) 
(li -7r) 


The chief uses of z are to be found in 
problems of averaging correlations and in 
testing the significance of differences between 
correlations. The routine will transform any 
set of signed numbers which are scaled by 
10-' to z-values. Whenever a value of z 
would be close to positive or negative infin- 
ity, these are bypassed by the routine and 
indicated by printing a dash. No restrictions 
are made by this routine. 


KSL 2.60 Chi-Square for 
Data (K. W. Dickman) 
In the dichotomous case, x? = N@. A 

dichotomous criterion can be _ included 
among a set of dichotomous test items. The 
routine will print the item number, the ¢ 
of the item with the criterion, and finally the 
chi-square value. 


KSL 2.61 Chi-Square for a Set of Frequency 
Tables (K. W. Dickman) Also in SILLIAC 
This routine will read any number of 

frequency tables and print the chi-square 
value for each table. It will also print the 
expected values associated with each table 
if desired. The total frequency for each 
table must not exceed 1,000,000,000. There 
are no practical limits for the size of the 
tables, nor do successive tables need to be 
the same size. 


KSL 2.70 D-Statistic (Ray Twery) Also in 
MISTIC 


(K. W. Dickman) 


z 


Dichotomous 


The distance between profiles, is 
defined as: 
Dis = (QO (Xu — Xo5)*]” 
Given 1---1, j++: m descriptions of a 


person where each description consists of 
the responses on a set of items, the program 
will calculate all of the m(m — 1)/2 inter- 
descriptions-indices for each person. The 
number of items per description (= v) may 
not exceed 100 and the number of descrip- 








peep RES te 








254 ComMPUTERS IN BEHAVIORAL SCIENCE 


tions is limited to 12. There is no limit to 

the number of persons. 

KSL 2.75 Data Tape Checking for D 
Statistic (Ray Twery) Also in MISTIC 
This routine checks tapes prepared for 

use with KSL 2.70. 

KSL 2.90 Agreement Scores, Form A 
(K. W. Dickman) Also in MISTIC 
This program will calculate and print in 

page form a matrix of agreement scores 

among a set of persons. An agreement score 
is merely a tally of the number of items on 
which two persons agree. The items should 

be coded as 2 for a positive response, 1 for a 

negative response, and 0 for an omitted 

item. The number of persons that can be 
handled by- the program depends upon the 
number of items; for example, for 114 items, 

146 persons can be handled, and for 58 items, 

the maximum number of persons is 293. 

KSL 2.91 Ranked Agreement Scores, Form 
F (K. W. Dickman) Also in MISTIC 
This program will calculate a matrix of 

agreement scores, but only an arbitrary 

number of high agreements will be printed 
in rank order for each person. 

KSL 2.93 Agreement Patterns, Form G 
(K. W. Dickman) Also in MISTIC 
This program, starting with the first 

person and continuing until the final person, 

will form joint agreement patterns and 
scores in the following manner: the person 
who agrees highest with ‘z’’, say person 

“<7” will be found; next the joint pattern 

‘47’, will be formed; then the person who 

agrees highest with ‘77’’, say “‘k’’, will be 

selected and the pattern ‘7kj” will be 
formed; this continues until the joint score 
drops below some predetermined value, 
and then the person numbers and joint 
scores will be printed. The process is re- 
peated with the next person. The limits for 

this program are the same as for Form A. 

KSL 2.94 Agreement Patterns, Form H 
(K. W. Dickman) Also in MISTIC 
This program first finds the highest agree- 

ment score among all the persons. Additional 

persons are selected as long as the joint 
seore multiplied by the number of persons 
in the group is increased. When the score 
no longer increases, the persons and joint 


scores are printed, and the joint pattern of j 


responses is removed from the measurement 
matrix forming a residual measurement 
pattern matrix. The process continues by 
again finding the highest agreement score 
in the residual matrix, repeating the above 
steps resulting in a second residual matrix, 
Whenever the agreement scores become 
lower than some predetermined value, the 
process is at an end. 


KSL 2.95 Multiple Alternative Item Con- 
version (K. W. Dickman) Also in MISTIC 
This program will convert multiple alter. 

native items to dichotomously coded items 

acceptable for all of the programs in this 
section. The number of alternatives per 
item, moreover, need not be consistent from 
item to item. Thus, by the use of this pro- 
gram, all of the programs in this section 
become available. The maximum number of 
alternatives per item is 9. 


KSL 2.96 Data Tape Checking for Pattern 
Analysis (K. W. Dickman) Also in 
MISTIC 
This routine will detect any errors made 

in the preparation of data tapes for use with 

routines in this section. 


(The second part of this paper will appear 
in the next issue.) 


COMPUTER PROGRAM ABSTRACTS 


Univac Scientific Computer Program for Test 
Scoring and Item Analysis, Frank B. Baker, 
University of Minnesota. CPA 1 
The program calculates from a punch card 

test key and facsimiles of each subject’s test 

paper: 1. The test score for each subject. 2. 

Hoyt anova reliability of the test. 3. Indices of 

item discrimination (r biserial, difficulty level, 

Fowler index of item conformity [Fowler 1954], 

proportion of correct response in the upper and 

lower 27% of the criterion distribution). 4. 

Maximum likelihood estimates of the item pa- 

rameter X50 and beta (Finney 1944). 5. Fre- 

quency distributions for the correct response 
for each item. 6. Frequency distribution of the 
criterion score. The total of all item choices ¢ 
must be less than 504, no item 7 can have more 
than 7 choices. Missed items are punched zero 
and scored as incorrect. The maximum number 
of subjects s is 767. A further limitation is 

C.7.8. < 7266. 

The data cards are prepared with 6 fields of 
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12 octal digits containing the choices on a block 
of 12 items. 
References: 

Fowler, H. M. An application of the Ferguson 
method of computing item conformity 
and person conformity, J. Exp. Educ., 
1954, 22, 237-246. 

Finney, D. J. The application of profit analysis 
to the results of mental tests, Psycho- 
metrika, 1944, 19, 31-39. 

A detailed description may be obtained from 
the American Documentation Institute, Library 
of Congress, Washington 25, D. C. Order docu- 
ment 5931, enclosing $2.50 for a photoprint or 
$1.75 for a microfilm. 


A General Intercorrelation Program for the 
minimal IBM 650, Leonard Uhr, University 
of Michigan. CPA 2 
Intercorrelation matrices of (theoretically) 

any size, limited by machine time and prac- 

ticality, can be computed by the two parts of 

this program. Input cards contain from 2 to 20 

variables (two per word, 10 8-digit format) 

and up to 10 digits of identification. More than 

2 variables require block running: the matrix 

is partitioned into blocks of 20 or fewer variables. 

Input is limited to positive 2-digit numbers, 

with the restriction that no sum of squares 

Os z*) can exceed 99,999. The output is indexed 

for tabulation in matrix format. Auxilliary 

programs are available to (a) obtain the other 
half of the diagonal matrix and (b) to put the 
correlations into the proper format for machine 
factor analysis. The output includes means and 
sigmas for each variable. Approximate machine 

running times (NV = 100): for 20 variables, 12 

minutes; for 40 variables, 50 minutes; for 60 

variables, 91 minutes; for 100 variables, 4 hours, 

40 minutes. 

The method used is the Pearson product- 
moment correlation (McNemar, Q. Psychological 
Statistics. New York: John Wiley & Sons, 1949). 

A detailed description of this program can 
be obtained from the American Documentation 
Institute, Library of Congress, Washington 25, 
D. C. Order document 5927, enclosing $1.25 
for a photoprint or $1.25 for a microfilm. 


COFIT, A Least Squares Cosine Fitting Pro- 
gram for the IBM 704, Betty L. Anderson and 
T.J. Lawton, Westinghouse, Bettis Plant. CPA 3 
This program fits by a least squares technique, 

the curve 


y = Acos B(X —C) 
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to from 4 to 500 points of observed data, com- 
puting the parameters, A, B, C and the standard 
deviations of the estimates of A, B, C—Sa, 
Sp, Sc. It is also possible to investigate the error 
in a region about the final values of A, B, C by 
computing the sums of the squares of the residuals 
at a series of points in this neighborhood. 

Typical computing and editing time for a 30 
point problem is 3 minutes, for a 500 point 
problem, 8 minutes. 

Any size 704 is adequate, and drums and tapes 
are not used. 

A detailed description of this program is 
available from the office of Technical Services, 
U.S. Department of Commerce, Washington 25, 
D. C. Order document WAPD-TM-26 (October 
1956). Price, 20 cents. 


An Integrated Set of Programs for the minimal 
IBM 650 for Curve and Surface Fitting on 
Unequally Spaced Points, Charles Hobby, 
California Institute of Technology, Albert 
Newhouse and Louis Gieszl, University of 
Houston. CPA 4 
Given values 2, 22, ---- , Z, and correspond- 

ing values y:, Y2,---: , Yn Of a dependent vari- 

able, a set of polynomials P,(X) of degree 

K — M is computed such that 

P,(Xi) = Yi t= 1,2,----,m 
where 


k 
P(X) = > a; x. 


j=0 


The smallest degree k such that P;(x) represents 
the y; with a stipulated accuracy is chosen. 
M is the maximum degree for which P;(zx) is 
to be determined, with the limitations K < 10, 
N < 99, NK < 430. 

Fixed or floating decimal point optional. 
No time estimates provided. Scaling of the data 
usually necessary. 

A detailed description of these programs can 
be obtained from the American Documentation 
Institute, Library of Congress, Washington 25, 
D. C. Order document 5930, enclosing $5.00 
for a photoprint or $2.25 for a microfilm. 


A minimal IBM 650 Computer Program to 
Calculate C. C. Peters’ Index of Curvilinearity, 
Steven G. Vandenberg and Robert M. Graham, 
University of Michigan. CPA 5 
The program computes y = a + bX + cX?, 

the product moment correlation.r as well as an 

index of curvilinearity [((AB + CD)B,]/[((D + 


EB)~V/NF] where 
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AuwDXUY —-NZXY: 
B = NZX? — (2X)? 

C =NEXY -Z2XZY 
D =NEX?—-ZTX*2X 
E =(>X%)?—N=X 

F =NZY?-—(ZY)? 


The program consists of two parts. Part I 
computes these statistics for the variables 
within one data deck (X by X run), while Part 
II computes these statistics between the vari- 
ables in two data decks (X by Y run). 

Input is 13 signed three digit variables, some 
of which may be dummy variables, provided 
they do not have zero variance. The output 
includes 2X, 2 X?, = X*, ZX‘ so that 
indices of skewness and kurtosis may be cal- 
culated. Computation takes about 15 seconds 
per card plus 3 minutes at the end. 

A detailed description may be obtained from 
the American Documentation Institute, Library 
of Congress, Washington 25, D. C. Order docu- 
ment 5929, enclosing $1.25 for a photoprint or 
$1.25 for a microfilm. 

Reference: 
Charles C. Peters, A new descriptive statistic: 
the parabolic correlation coefficient, 
Psychometrika, 1946, 11, 57-69. 


EXFIT, An Exponential Curve Fitting Program 
for the IBM 704, Betty L. Anderson and T. J. 
Lawton, Westinghouse, Bettis Plant. CPA 6 
This program fits by a least squares technique, 

the curve 


as 


to up to 500 points of observed data. The program 
is compatible with the COFIT program. 

A detailed description may be obtained from 
the American Documentation Institute, Library 
of Congress, Washington 25, D. C. Order docu- 
ment 5925, enclosing $2.50 for a photoprint or 
$1.75 for a microfilm. 


University Board II for the IBM 533 Read- 
Punch Unit, Bruce W. Arden, The University 
of Michigan. CPA 7 
A description and wiring diagram of a board 

for the IBM 650, adopted as standard by a 
group of universities, may be obtained from 
the American Documentation Institute. Order 
document No. 5928 remitting $1.25 for photo- 
copies or $1.25 for microfilm. This board 
allows six input formats and four output for- 
mats, including 30 alphabetic characters. 


People, Places, Programs 


Benjamin W. White, staff member at the 
MIT Lincoln Laboratory, chose as a prac- 


tice program, while learning the FORTRAN 
programming system, a program to provide 
random permutations of the numbers from 
1 to 50. Upon request he will make available 
either the output of this program, in the 
form of lists of random permutations of 5 
numbers, or the program itself, either as q 
set of FORTRAN statements or as a set of 
binary cards for the IBM 704 computer. 
The program can readily be adapted to 
provide random permutations of any num. 
ber of numbers, and, as one might expect, it 
operates very swiftly indeed on the 704, 

A new journal, Numerische Mathematik, 
organized on a broad international basis jg 
being published by Springer (Berlin), 
The editors are R. Sauer (Munich), E£, 
Stiefel (Zurich), J. Todd (Pasadena), and 
A. Walther (Darmstadt). Papers on digital 
computation and numerical analysis from 
the points of view of the mathematician 
and the programmer as well as on informa- 
tion theory will be published. 

A meeting on new developments in JBM 
650 programmiwg was held at Carnegie 
Tech on February 19-20, sponsored by 
Carnegie Tech, Case Institute, and the 
University of Michigan. 

Case Institute presented its SOAP III 
and RUNCIBLE programs. The latter is 
based on the I. T. language and can be used 
with almost every type of 650. For informa- 
tion, write to Fred Way III, Computing 
Center, Case Institute of Technology, 
Cleveland, Ohio. 

The University of Michigan presented its 
GAT compiler, written for the 650 with 
index registers, floating point hardware, 
and the special character device. This is an 
algebraic translator which uses (1) ordinary 
parentheses conventions, (2) actual alge- 
braic characters, such as (, ), +, /, ete. 
(3) index registers in the program to be 
compiled. Information is available from 
Bruce W. Arden, Computing Center, Uni- 
versity of Michigan, Ann Arbor, Michigan. 

Carnegie Tech discussed its TASS system 
for the 650 with disc storage. It includes an 
automatic search for-and inclusion-of stored 
subroutines, and automatic segmentation of 
programs. It is based on the Michigan GAT 
compiler. Also discussed were the Carnegie 
Tech I.T.-3 program, which allows the 


automatic use of double-precision arithmeti¢ 
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with programs written in the I.T. language, 
and the G.I.F., a translator (on the 650) 
from I.T. to FORTRAN. Information on 
these programs is available from Alan J. 
Perlis, Computing Center, Carnegie Insti- 
tute of Technology, Pittsburgh, Pennsyl- 
yania. Similar meetings will be held in the 
future. 

In neurophysiological experiments we 
often want to measure the evoked electrical 
response to a given stimulus. This response 
is frequently obscured by the spontaneous 
activity of the system. One method of 
eliminating the effect of this activity is to 
repeat the stimulus many times and average 
the resulting responses. 

An electronic instrument specifically de- 
signed to compute evoked response averages 
over many stimuli (called ARC-1, Average 
Response Computer), was built at the 
MIT Lincoln Laboratory. This computer 
uses digital transistor circuits for processing 
experimental data and is fast enough to 
compute and display results while the ex- 


periment is in progress. The ARC is triggered 


into action by a signal derived from the 
stimulus. After a specified initial delay 
period, the ARC causes an analog-to-digital 
converter to sample and quantize the 
response waveform at a large number of 
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points separated by uniform time intervals. 
The set of 8-bit binary numbers thus pro- 
duced is added into a corresponding set of 
18-bit accumulating sums held in a ferrite- 
core memory. As this process is repeated for 
many stimuli, the average response emerges 
from any background activity or noise 


_ which is not “time-locked” to the stimulus. 


The results can then be converted to equiva- 
lent voltages and displayed as a set of 
points on a cathode-ray tube or zy plotter, 
or can be punched out as 18-bit binary 
numbers on paper tape. 

The initial delay, the interval between 
successive samples, the number of samples, 
and the number of responses to be treated 
can be specified by means of switches over 
the following ranges: 

initial delay: 0 to 2.62 sec in steps of 10 

usec 

Sample interval: 80 usec to 2.62 sec in 

steps of 10 usec 

no. of samples: 1 to 254 

no. of responses: 1 to 262,144 
In a second mode of operation, the ARC 
compiles a frequency distribution of ampli- 
tudes at a specified time following the 
stimulus and displays this distribution in 
histogram form. 


ERRATA 


The following corrections should be made in the article by 
Bernard Galler entitled ‘Some Remarks on Linear Programming” 
which appeared in the April 1959 issue (Computers in Behavioral 


Science). 


On page 168, right hand side of the page, second paragraph, 
‘‘y39 = 40” should be added to both solutions. : 
On page 170, left hand side, line 7, the equation should read: 


n 
Sats + tans = by 


t=] 


J = 1,2,-++,m 
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ABSTRACTS OF CURRENT LITERATURE WITH INTERDISCIPLINARY 
IMPLICATIONS 


Prepared by Members of the Staff of the Mental Health Research Institute 


GELERNTER, H. L. AND RocuHester, N. 
Intelligent behavior in problem- 
solving machines. [BM Journal 
of Research and Development, 1958, 
2, 336-345. 

The application of computing machines to 
the solution of problems requiring ingenuity 
and resourcefulness is studied by means of a 
machine designed to discover proofs of 
theorems in Euclidean plane geometry. 
Heuristic methods are used, rather than 
decision algorithms, because they appear to 
be the methods of human problem solvers 
and their use allows for generalization of 
results to problems for which no algorithm, 
or practicable algorithm, exists. Starting 
from the theorem to be proved, the machine 
works backward to construct a “problem- 
solving graph” that gives the directed links 
between immediately inferrable formal state- 
ments leading toward the theorem. The 
“rule of syntactic similarity,” used by the 
machine to equate similar subgoals, makes 
every directed path unique and the shortest 
possible, in that it contains no redundant 
subgraphs. 

The character of a theorem and the merits 
of applicable methods are calculated, and 
the methods tried in turn. A number of 
semantic heuristics, such as “If the diagram 
consists of a ‘bare’ simple polygon, a con- 
struction will probably be required,” will be 
tried out and studied in simulation experi- 
ments on the IBM 704. 

The program for the geometry machine 
falls into three parts. The heuristic com- 
puter contains the heuristic rules, asks 
questions, and gives instructions. The syn- 
tax computer, which contains the formal 
system, tests lines of proof submitted to it 
by the heuristic computer. The diagram 
computer makes constructions and measures 
them by means of coordinate geometry and 
floating-point calculations, but reports to 


the heuristic computer only the qualitative 
information that would be gleaned from a 
drawn figure. The mathematical rigor of the 
syntax computer is thus combined with the 
powerful semantic heuristic of the drawing. 

This machine will accumulate successfully 
proved theorems, but will not improve its 
technique. Possibilities for more powerful 
types of learning machines are discussed 
and human and machine are considered 
together as “partial decision machines over 
some unknown class of theorems.’’ A more 
powerful ‘theory machine’”’ is discussed, in 
which the real environment replaces the 
diagram computer. This machine would be 
capable of conjecturing about the real world, 
checking its conjectures by means of experi- 
ments, and using results to correct the formal 
system of the syntax computer (theory). 
(LU) 


Intersociety Symposium on Neuropharma- 
cology. 


Chairman: Hallowell Davis; Participants: 
H. Grundfest, K. F. Killam, P. B. 
Drews, Joseph V. Brady. Federa- 
tion Proceedings, 1958, 17, 1004- 
1043. 

The Symposium on Neuropharmacology 
has the goal of giving ‘‘an opportunity for 
synthesis, a taking of stock, which is par- 
ticularly valuable not only for those of us 
who are on the periphery of the rapid 
advances, but also for those of us who have 
become too fully engrossed in one area of 
the field to give detailed attention to what 
is going on in related areas.” 

The paper by H. Grundfest, An electro- 
physiological basis for neuropharmacology, 
provides a general framework in which all 
neuropharmacological agents may be placed. 


The main emphasis is upon the synapse, 


because ‘chemical excitability of synaptic 
membrane probably accounts for its high 
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sensitivity to drugs, and pharmacological 
actions affecting transmissional processes 
may be regarded as confined principally to 
the synaptic membrane.” Drugs are divided 
into synapse activators and synapse inacti- 
vators, and special emphasis is placed upon 
the actions of amino acid synaptic drugs. 

The second paper, Possible role of gamma- 
aminobutyric acid as an inhibitory trans- 
mitter, by K. F. Killam, focuses upon one 
of these amino acid synaptic drugs. Gamma- 
aminobutyric acid (GABA) has become an 
appealing candidate for the regulator of 
transmission within the central nervous 
system. GABA is localized almost exclusively 
jn the brain; there is good biochemical 
evidence that the blockade of the formation 
of GABA and its depletion produces epilepti- 
form seizures; and manipulation of exoge- 
nous and endogenous brain levels of GABA 
has been shown to alter cortical responses. 
GABA has many of the properties expected 
of an inhibitory transmitter, but further 
experiments, particularly the discovery and 
application of a drug which will selectively 
inhibit the transaminase which destroys 
GABA, will be necessary to corroborate 
present hypotheses. 

P. B. Drews, in his Analysts of effects of 
psychopharmacological agents in behavioral 
terms, presents evidence that a start can be 
made towards a systematic description of 
drug effects by measuring the rate of occur- 
rence of a given response. Such responses as 
key pecking or lever pressing for food, water, 
or shock avoidance are discussed in relation 
to amphetamines and chlorpromazine. The 
effects of amphetamines seem to be deter- 
mined largely by the frequency of the occur- 
rence of the response and are generally 
similar irrespective of species, nature of 
response, motivation and appropriateness of 
the performance. In contrast, chlorprom- 
azine seems to weaken the control which 
some stimuli have over behavior. 

The final paper, Animal experimental 
evaluation of drug effects upon behavior, by 
Joseph V. Brady, builds upon the preceding 
report by presenting situations in which 
“operant behavior,” particularly bar-press- 
ing, can be used most efficiently in the study 
of psychopharmaceutical agents. Condi- 
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tioned suppression, the suppression of on- 
going operant responding by presenting a 
stimulus previously conditioned to an emo- 
tional response, may be employed to 
differentiate between drugs. The effects of 
reserpine and amphetamine illustrate this 
differentiation. Another technique which 
makes it possible to obtain maximum 
information from one animal with minimum 
experimenter time is to alternate reinforce- 
ment schedules between fixed ratio rein- 
forcement, fixed interval reinforcement, and 
the reinforcement of low lever-pressing 
rates. Each condition is accompanied by a 
different colored light; and by adding other 
conditions, such as shock-avoidance and 
conditioned suppression, and by varying the 
drug dosage, an entire profile of drug effects 
may be obtained with very little effort on 
the part of the investigator. 

A synthesis of the information obtained 
from the approaches to neuro-psycho- 
pharmacology presented in this symposium 
will prove invaluable in the full evaluation of 
drug effects. (GR) 


Harary, F., anp Ross, I. C. A procedure for 
clique detection using the group 
matrix. Sociometry, 1957, 20, 205- 
215. 

It is frequently a matter of interest, in 
the study of relationship networks, to sift 
out and identify the more tightly knit sub- 
groupings within the larger net. Harary 
and Ross have set forth a convenient al- 
gorithm for the selection of one such type 
of subgrouping. 

Let G be a social group, and let R be a 
relation, which can either exist or not exist 
between any two members of G. A clique, C, 
of G is here defined as a maximal subgroup, 
of at least three members, in which every 
member stands in the relation R to every 
other member. Maximal means that C is 
not wholly contained in any larger sub- 
group which exhibits the same property. 
A non-maximal subgroup can provide the 
starting point for clique identification, how- 
ever, by a process of successive augmenta- 
tion. This is the essence of the method set 
forth by the authors. 

According to this definition of clique, the 
relation R must exist in both directions 
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(iRj and jRi) between any two members of 
a clique. Attention is therefore restricted 
to mutual pairs within the group. These are 
used to identify mutual triads. Any mem- 
bers who belong to no such triads can be 
eliminated from further consideration. 

The next step is to identify “unicliqual’”’ 
persons—those who belong to only one 
clique. Each such person is listed, together 
with his clique, and then he is deleted from 
the group. This procedure is iterated, result- 
ing in successive eliminations, until the 
group is exhausted, or until no unicliqual 
persons remain. 

If only multicliqual persons remain at 
any stage—and this can happen at the out- 
set—then the group is arbitrarily decom- 
posed in such a way as to force at least one 
person into a status which is artificially 
unicliqual. The earlier procedure can then 
be applied to identify this clique, thus 
effecting a reduction in the number of 
unidentified cliques. Since the process is 
iterative, on a finite set, it eventually 
terminates. 

The incidence of the relation R can be 
represented by means of the group matrix 
A = (aij); where aij = 1 if iRj, and aii = 0 
otherwise. Harary and Ross describe their 
procedure in terms of operations upon this 
matrix, including ingenious methods for the 
location of triads, the identification of uni- 
cliqual persons, and the choice of arbitrary 
decompositions. These criteria are based 
upon four theorems which are stated and 
formally proved in the paper. (CCH) 


GOLDMAN, STANFORD. Cybernetic aspects of 
homeostasis. Syracuse University 
Institute, Technical Report No. 
1 on Contract NON R-669 (10), 1958 
67 pp. 

This compact article draws on the author’s 
experience in servo-mechanisms and infor- 
mation theory to develop a mechanistic 
explanation of many of the phenomena of 
homeostasis. A brief mathematical treat- 
ment is presented of the various types of 


control mechanisms according to the type 
of feedback process employed. Specific 
applications are made to problems of interes} 
to the biologist. In this regard, regulation of 
concentration by releasing solutions from 
storage elements and the action of a buffer 
solution as a feedback mechanism are both 
discussed in terms of standard servo theory, 

The homeostatic mechanism which has 
received greatest study by physiologists is 
the one involved in the control of blood 
glucose. The model of this system which is 
presented here uses six separate information 
pathways. There is a proportionate control 
in which the error signal is proportional to 
the change of concentration AC, a deriva- 
tive control where the signal is proportional 
to the time rate of change of concentration 


dc/dt and an integral-of-error control | AC 


dt. Since all three types of control can have 
either positive or negative error signals and 
different organs are involved depending on 
whether the signals are increasing or de- 
creasing, a total of six different information 
pathways are postulated. Not all of these 
pathways have been delineated in the 
physiological literature but the use of the 
servo model is offered as an aid in revealing 
the nature of the chemical and biological 
mechanisms involved. 

Another feature of the blood glucose 
homeostatic system is the presence of 
antagonistic , controlling agents. Insulin 
lowers the blood glucose (probably by 
derivative control) while a pituitary hor- 
mone in conjunction with an adrenal cortical 
hormone acts as a general antagonist for 
insulin and has the effect of raising blood 
glucose. An analysis of antagonistic controls 
in servo theory indicates the possibility of 
unstable operation in which the system goes 
through violent oscillations until the control 
limits of one or the other antagonist are 
exceeded. This indicates the possibility 
that diabetes or hyperinsulinism may arise 
from improper timing in the glucose homeo- 
static control system. (WJH) 
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Kern W. Dickman (“Index of Statistical Pro- 
Available in the Statistical Library of the 
ILLIAC, Part I’) is computer consultant for 
social scientists at the University of Illinois. He 
did graduate work at Columbia University and 
the University of Illinois where he received an 
MS. degree in 1947 and is currently a candidate 
for the Ph.D. degree. His present research inter- 
ests center on the development of procedures for 
using high-speed computers to facilitate statis- 
tical operations in social science research. He 
writes that ‘‘The first use of a high-speed com- 
puter by any non-physical scientist anywhere, I 
believe, was made at the University of Illinois in 
1952 by Dr. Charles F. Wrigley, now a professor 
of psychology at, Michigan State University. He 
was my supervisor and encouraged me to write a 
program for ILLIAC. At that time, it was so 
novel for a social scientist to use a computer that 
soon others in the social science areas who had 
long and involved statistical operations to do were 
asking me for assistance in preparing their prob- 
lems for ILLIAC. In 1955, this part of my work 
was made official when I was appointed to serve 
as an advisor to social scientists, both staff and 
students, to help them with their research to 
utilize ILLIAC. During this time, I have gathered 
together the programs which constitute the In- 
dex.” He is the author of articles appearing in 
The Mathematics Teacher and in The Psychological 
Bulletin. 

Harold Guetzkow (“A Use of Simulation in 
the Study of Inter-Nation Relations”) is a 
social scientist (B.A., University of Chicago; 
Ph.D. in psychology, The University of Michi- 
gan) especially interested in administrative 
behavior, at both individual and group levels. 
Previously he was professor of administration 
and psychology in the Graduate School of In- 
dustrial Administration at Carnegie Institute 
of Technology. Before that, while at The Uni- 
versity of Michigan, Professor Guetzkow di- 
rected studies in interagency committee opera- 
tions in the Federal Government for the Hoover 
Commission and was in charge of the Conference 
Research Project for the Office of Naval Re- 
search. Besides his various research articles and 
& monograph on Multiple Loyalties, he is as- 
sociated as editor, co-author, or collaborator 
with the books Groups, Leadership and Men, 
Centralization and De-Centralization, and Organi- 
zations. At present, Dr. Guetzkow is professor 
of political science (in administration) and 
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psychology (jointly with sociology) at North- 
western University. He also is research con- 
sultant in the University of Chicago’s Executive 
Judgment Research Study. 

Austin C. Hoggatt (“An Experimental Busi- 
ness Game”), assistant professor of business 
administration at the University of California at 
Berkeley, received his master’s degree and 
doctorate (in 1957) from the University of 
Minnesota. His present research interests center 
on experimental games and simulation models 
of the firm and industry. He reports that “the 
research on which this article was based was 
begun at the International Business Machines 
laboratory in Yorktown Heights, New York. 
Participants in a simple version of the game 
followed a policy of joint minimization which 
we are still trying to explain.” He is the author 
of an article entitled “Simulation of the Firm’ 
and, with M. D. Dunnette, of one entitled 
“Deriving a Composite Score from General 
Measures of the Same Attribute.” 

Duncan MacRae, Jr. (“Scale Positions and 
‘Power’ in the Senate”), assistant professor of 
political science at the University of Chicago, 
states that his present research interests con- 
cern comparative studies of political representa- 
tion and decision-making ranging from inter- 
national comparisons (France and the United 
States) to the study of constituency structure 
in the community; and in the application of 
electronic computation to data processing in 
political sociology. He received his A.B. degree 
in chemistry and physics from Johns Hopkins 
University, an M.A. degree from Harvard in 
electronic physics and after working at the 
M.1.T. Radiation Laboratory for three years, 
entered the field of social psychology in which he 
received his Ph.D. from Harvard. He writes: 
“Tt is a pleasure to be a contributor to Behavioral 
Science and to communicate with some of the 
other researchers who aim in a broad way to 
apply the approach of natural science to social 
phenomena. After having switched from natural 
science to social (or behavioral) science, I am 
impressed with the variety of ways in which 
‘the natural science approach’ may be inter- 
preted. To me the empirical element is relatively 
more important than the theoretical; I feel 
social science needs much more work correspond- 
ing to the isolation of pure substances and 
reproducible experimental (or observational) 
phenomena. This stems from efforts that I have 
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made to replicate tests of generally accepted — 


notions in social science, such as some of those 
of Piaget concerning moral development. I 
feel that the weakness of empirical underpinnings 
of our assertions about social phenomena is not 
sufficiently recognized.”” He is the author of 
Dimensions of Congressional Voting and co-editor 
of Electronic Instruments as well as the author 
of numerous articles. 

Richard L. Meier (‘Explorations in the 
Realm of Organization Theory III: Decision 
Making, Planning, and the Steady State”) is 
research associate at the Mental Health Re- 
search Institute and lecturer in the School of 
Natural Resources at the University of Michigan. 
He is the author of Science and Economic De- 
velopment (1956) and Modern Science and the 
Human Fertility Problem (1959) in addition: to 
numerous articles on social organization and 
planning. The recipient of a Ph.D. in Chemistry 
from U.C.L.A., he is currently interested in 
research on the social and economic consequences 
of discoveries in science, and has been studying 
planning, resource development and economic 
development. He is presently secretary of the 
Society for General Systems Research. 

Hugh D. Price (“Scale Positions and ‘Power’ 
in the Senate’’) is currently lecturer in govern- 
ment at Columbia University. An undergraduate 
at the University of Florida, where he also re- 
ceived his master’s degree, he completed his 
graduate work in 1958 at Harvard. He comments: 
“To date my research has been mostly on the 
level of descriptive political behavior but I am 
becoming much more concerned about the 
seemingly needless gap between most empirical 
work in political science and political theory 
(if one can distinguish such from the usual in- 
tellectual history of political thought). I first 
became interested in Guttman scaling while 
working on my Ph.D. thesis under V.O. Key 
at Harvard—it seemed to be an important tool 
for handling empirical data in a much more 
systematic manner than has been customary. 
During 1956-57, I had the opportunity to spend 
a year in Washington as a Congressional Fellow 
of the American Political Science Association. 
As a “participant-observer” in the offices of 
Congressman Dante Fascell (Dem., Miami, 
Fla.) and Senator Paul Douglas (Dem., III.) 
I became convinced that the usual academic 
descriptions of Congress left a great deal to be 
desired. For the present, however, my efforts 
at bridging the gap between theory and empirical 
work is concentrated in the area of metro- 
politanism.” Dr. Price is the author of The 
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Negro and Southern Politics in addition to several 
articles. 

Patrick Suppes (‘‘A Non-Linear Model for the 
Experimental Measurement of Utility’) is a 
previous contributor to Behavioral Science (see 
“4 Model for the Experimental Measurement 
of the Utility of Gambling [with Halsey Royden 
and Karol Walsh], 1959, 4, 11-18). Currently 
associate professor of philosophy at Stanford 
University, he did his undergraduate work at 
the University of Chicago and received his 
Ph.D. from Columbia University. He is the 
author of Introduction to Logic and, with D. 
Davidson and §. Siegel, of the book Decision 
Making. His present research interests are in 
the mathematical theory of learning and decision 
processes. 

Leonard Uhr (“Latest Methods for the Concep- 
tion and Education of Intelligent Machines’’) is 
research associate at the Mental Health Re- 
search Institute, The University of Michigan. He 
received his undergraduate education at Prince- 
ton, an M.A. from Johns Hopkins (in writing), 
and a Ph.D. in psychology from the University 
of Michigan in 1957. His current research inter- 
ests include investigating effects of psychoactive 
drugs on human subjects, artificial intelligence in 
machines, and laboratory measurement of per- 
sonality and behavior. He has contributed several 
articles to such journals as AMA Archives of 
Neurology and Psychiatry and the Journal of 
Applied Psychology and is co-editor of a book on 
drug testing to be published by John Wiley and 
Sons, Inc. 

Sir Geoffrey Vickers (“Is Adaptability 
Enough?”’) of Bradfield, Berkshire, England, is 
a member of the British Medical Research 
Council and chairman of the research committee 
of the Mental Health Research Fund. Educated 
at the Oundle School and Oxford University 
(M.A.), he is the author of numerous articles on 
communication and control in business; and on 
mental health and public health as well as a 
contributor to such books as Prospects in Psy- 
chiatric Research, Scientific Publications (J. 
Tanner, Ed.), and Studies in Communication 
(Secker and Warburg, Eds.). His career has 
included 20 years of practice as a lawyer in 
international finance, 10 years as a soldier or 
civil servant (he received the Victoria Cross as 
an infantry officer in the first world war and in 
the second war, served as director of economic 
intelligence), and 10 years as an administrator. 
He was a member of the London Passenger 
Transport Board, which controlled the public 
transport system of London; and later a member 
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al of the National Coal Board, which administers health, especially in relation to public health, 
the nationalized coal industry, in charge of man- and more generally, the study of processes of 
he power, training, education, welfare, and health. regulation and control in individual behavior 
a He writes “I retired from the National Coal and in business and politico-social organizations. 
ee Board in 1955 and began to pursue in earnest a Mrs. Karol V. Walsh (“A Non-Linear Model 
nt Jong-standing interest in the creative, ‘goal- for the Experimental Measurement of Utility’), 
on setting’ elements in decision-making, whether in _ statistician at the National Institute of Health 
ly collective or individual decisions.’? He took part in Washington, received her A.B. degree in 1955 
rd as consultant, in 1956-58, in a 3 year Canadian and her M.S. degree in statistics in 1957 from 
at project, studying the effect of rapid industri- Stanford University. She is co-author with 
iis alization on human well-being. The paper from Halsey Royden and Patrick Suppes of a previous 
he which this article is condensed was contributed as_ article in Behavioral Science on “‘A Model for 
D. a background paper to that project. His present the Experimental Measurement of the Utility 
on research interests are concerned with mental of Gambling”, 1959, 4, 11-18. 
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"e- Readers of the article ‘‘A Soviet View of Cybernetics” in the 
B), April 1959 issue of Behavioral Science will be interested in the 
ty following news item which appeared in the New York Times on 
wih May 3, 1959. 
ive 
in SOVIET APOLOGIZES TO M.1.T. EDUCATOR 
al A Soviet magazine has published a public apology to Dr. Norbert 
of Wiener, a leading American mathematician, for the denunciation 
of of him and his work in cybernetics by the Soviet press during the 
on Stalin era. 
nd Dr. Wiener is generally considered to be the founder of cyber- 
: netics, a science concerned with finding common principles in the 
ity function of automatic machines and the human nervous system. 
o He was denounced as an “‘obscurantist” and his work was ridiculed 
rch ; : og : ; 
‘al in the Soviet press earlier in the post war era. The Soviet magazine 
ted Ogonyok now attributes this attitude to what it recognizes as the 
ity present backwardness of the Soviet Union in the important field 
on in which Dr. Wiener has pioneered. 
on Written by a leading Soviet essayist, Marietta Shaginyan, the 
$a Ogonyok article denounces the Soviet philosophers who had 
sy- attacked Dr. Wiener and says that their attitude was “‘criminal”’. 
G She says public recognition of the error about Dr. Wiener is 
necessary to assure that these philosophers do not “repeat their 
in errors in the future.” 
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In the simplest case of learning by “trial and error,” the learner tries 
successive responses to a given situation until he finds the correct one. Even 
in this simple type of learning there are at least two different components 
which contribute to the efficiency of the learning process: the degree to which 
the search is conducted systematically—for instance, not making the same 
wrong response twice—and the degree to which the correct response is fixed, 
so that no further mistakes will follow. If, in a later, different problem, a 
different response is correct, there is a third component—namely, the effi- 
ciency of unlearning or re-learning. 

The present study shows how ablations of different portions of the fore- 
brain in monkeys affect the different components of trial and error learning, 
and the implications of these findings are discussed for the character of the 
neurological bases of the “active uncertainty” called thought. 


i] 











ON THE NEUROLOGY OF THINKING 


by Karl Pribram 


Stanford University 


“The man in the street, when asked what 
he thinks about a certain matter, often re- 
plies that he does not think at all; he knows. 
The suggestion is that thinking is a case of 
active uncertainty set over against conviction 
or unquestioning assurance.” 

—Joun Dewey in “The Natural 
History of Thinking” 


INTRODUCTION 


discussion of the ‘“Neurology of Think- 

ing” appears, at first glance, to en- 
gender insurmountable difficulties. However, 
on closer examination, the task seems less 
formidable and unapproachable, and holds 
a particularly fascinating challenge. Follow- 
ing Dewey’s suggestion that thinking is 
“active uncertainty set over against convic- 
tion or unquestioning assurance,” the prob- 
lem of the neurology of thinking can be 
approached by way of behavioristic psy- 
chology. ‘Active uncertainty” is manifest 
during ‘problem solving behavior.” Admit- 
tedly ‘problem solving behavior’ and 
“thought” are not synonymous, nor even at 
the same level of discourse; however an 
analysis of the neural mechanisms serving 
problem solving behavior permits an initial 
and time honored approach to an increased 
understanding of the thought process. 
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Superficially such a discussion is more 
manageable than a discussion of the neu- 
rology of thinking. As we shall see, however, 
from the neurobehavioral experiment to be 
described, what constitutes a “problem” 
and its “solution” for the behaving organism 
turns out to be as complexly determined as 
the thought process itself. 

The argument may conveniently be initi- 
ated by Sherrington’s analysis of the rela- 
tively simple neurobehavioral relations 
designated by him as “reflex.” In the 
Integrative Action of the Nervous System 
(1906), several of the chapters are devoted 
to the interaction between reflexes. Sherring- 
ton’s analysis begins: ‘‘A reflex detached 
from the general nervous condition is hardly 
realizable. The compounding together of re- 
flexes is therefore a main problem in nervous 
co-ordination. ... If we regard the nervous 
system of any higher organism from the 
broad point of view, a salient feature in its 
scheme of construction is the following.’ 

‘“‘At the termination of every reflex-arc we 
find a final neurone, the ultimate conductive 
link to an effector organ (muscle or gland). 
This last link in the chain, e.g., the motor 
neurone, differs obviously in one important 
respect from the first link of the chain. It 
does not subserve exclusively impulses 
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generated at one single receptive source, but 
receives impulses from many receptive 
sources situate in many and various regions 
of the body. It is the sole path which all im- 
pulses, no matter whence they come, must 
travel if they are to act on the muscle-fibers 
to which it leads. ... The singleness of ac- 
tion from moment to moment thus assured 
is a keystone in the construction of the indi- 
vidual whose unity it is the specific office of 
the nervous system to perfect. 

“Certain consequences result from this 
arrangement. One of these seems the pre- 
clusion of essential qualitative difference be- 
tween nerve-impulses arising in different 
afferent nerves. ... A second consequence is 
that each receptor being dependent for final 
communication with its effector organ upon 
a path not exclusively its own but common 
to it with certain other receptors, such nexus 
necessitates successive and not simultaneous 
use of the common path by various receptors 
using it to different or opposed effect. When 
two receptors are stimulated simultaneously, 
each of the receptors tending to evoke reflex 
action that for its end-effect employs the 
same final common path but employs it in 
a different way from the other, one reflex 
appears without the other. The result is this 
reflex or that reflex, but not the two to- 
gether. ... These reflexes may in regard to 
one another be termed antagonistic.” 

But this is not the only possible manner 
of interaction between reflexes. ‘‘We note 
an orderly sequence of actions in the move- 
ment of animals, even in cases where every 
observer admits that the co-ordination is 
merely reflex. We see one act succeed an- 
other without confusion. Yet, tracing this 
sequence to its external causes, we recognize 
that the usual thing in nature is not for one 
exciting stimulus to begin immediately after 
another ceases, but for an array of environ- 
mental agents acting concurrently on the 
animal at any moment to exhibit correlative 
change in regard to it, so that one or another 
group of them becomes—generally by in- 
crease in intensity—temporarily prepotent. 
Thus there dominates now this group, now 
that group in turn. It may happen that one 
stimulus ceases coincidently as another 
begins, but as a rule one stimulus overlaps 
another in regard to time. Thus each reflex 


breaks in upon a condition of relative equi- 
librium, which latter is itself reflex. In the 
simultaneous correlation of reflexes some re- 
flexes combine harmoniously, being reac- 
tions that mutually reinforce. These may be 
termed allied reflexes, and the neural areg 
which they employ allied arcs.” 

The differences between the co-ordination 
of antagonistic and allied reflexes are 
summed up in the following statement: 
“Unlike reflexes have successive but not 
simultaneous use of the common path; like 
reflexes mutually reinforce each other on 
their common path. Expressed teleologically, 
the common path, although economically 
subservient for many and various purposes, 
is adapted to serve but one purpose at a 
time.” 

The role of antagonism between reflexes 
is perhaps most clearly stated in Sherring- 
ton’s discussion of some of the conditions 
“influencing the issue of competition in the 
determination of successive combinations of 


reflexes; factors such as ‘fatigue,’ ‘intensity,’ 


‘successive spinal induction’.”” “The organ- 
ism, to be successful in a million-sided en- 
vironment, must in its reactions be many- 
sided. Were it not for such so-called fatigue, 
an organism might, in regard to its receptiv- 
ity, develop an eye, or an ear, or a mouth, 
or a hand or leg, but it would hardly develop 
the marvelous congeries of all those various 
sense-organs which it is actually found to 
possess. ... Asa tap to a kaleidoscope, so a 
new stimulus that strikes the receptive surface 
causes in the central organ a shift of functional 
pattern at various synapses.” 

By contrast, combinations of allied re- 
flexes ‘“‘reinforce one another in their action 
on the final common paths they possess in 


common.... This reinforcement is signifi- 
cant of the solidarity of the whole spinal 
mechanism. ... But the same principle ex- 


tends to the reactions of the great arcs 
arising in the projicient receptor organs of 
the head. ... Thus at any single phase of the 
creature’s reaction a simultaneous combination 
of reflexes is in existence. In this combination 
the positive element... exhibits a harmo- 
nious discharge directed by the dominant 
reflex-are reinforced by a number of arcs in 
alliance with it.” 

Conceptualizations of the neurobehavioral 








al 





ON THE NEUROLOGY OF THINKING 267 


relations represented by combinations of an- 
tagonistic and of allied reflexes have been 
repeatedly but variously restated over the 
past half century. Rarely, however, has the 
scope of data that was analyzed allowed the 
comparison of the two types of relationships. 
Most of the conceptualizations have been 
models phrased in neural, electrical and 
chemical terms: Sherrington’s inhibitory and 
excitatory states, successive and simulta- 
neous spinal induction are examples; others 
are direct current fields, interference pat- 
terns, phase sequences, reverberatory and 
negative feedback circuits. These models 
have the virtue that a direct empirical test 
of the inferred mechanisms should ultimately 
prove possible; unfortunately, the techniques 
and data are not often at hand to permit the 
precision in model construction which comes 
from such empirical testing. Precise models 
of psychological processes are available, 
however; these have not as yet been applied 
to neurobehavioral analyses. In such models 
castings of dice are used as paradigm rather 
than taps to a kaleidoscope; moves in a chess 
game rather than homeostats, which were 
Cannon’s (1941) and Wiener’s (1949) de- 
velopment of the conception of “reflexes 
breaking in upon conditions of equilibrium, 
themselves reflex.’”” But the basic concep- 
tions have not changed. Thus stochastic, 
statistical methods are invoked when be- 
havior involves “the marvellous congeries of 
all those various sense-organs” by means of 
which organisms display their ‘“‘many-sided 
reactions” in a ‘‘million-sided environment.” 
And, combinatorial, equilibratory mathe- 
matics serves when ‘‘any single phase of the 
creature’s reaction...although economi- 
cally subservient for many and various 
purposes” is “harmoniously” adapted to 
“the positive element... reinforced” by a 
number of elements “‘in alliance” with it. 
For convenience, the two types of processes 
will hereafter be referred to as “differentia- 
tive’ and “intentional”; differentiative 
when the many sided reactions of the organ- 
ism are functionally,related to the miliion- 
sided aspect of the environment; intentional 
when harmonious reactions result from adap- 
tations to a number of mutually reinforcing 
positive elements. 

Considerable progress has been made in 


the specification of neural mechanisms that 
determine differentiations and intentions. 
Only a few examples warrant mention here 
and these only briefly. The rapidity with 
which receptors adapt (one determinant of 
Sherrington’s “so-called fatigue”) has been 
related to the ability to differentiate be- 
tween positions of tactile and visual stimuli. 
Large afferent and efferent tracts in the 
central nervous system (the “primary pro- 
jection” or “extrinsic”? systems) maintain 
receptor: modality, specific topological cor- 
respondence between receptor-effector tis- 
sues, and the cerebral mantle—disruptions 
of these tracts, of the nuclear discontinuities 
intercalated in their course, or of their cor- 
tical station, drastically interferes with such 
differentiative processes as motor skill, dif- 
ferentiation between visual, auditory, gusta- 
tory or somesthetic stimuli. Other neural 
mechanisms are so constituted that a colla- 
tion of signals from receptor surfaces results 
from convergence upon diffusely and replica- 
tively interconnected neuronal pools—exci- 
tation or destruction of these mechanisms 
alters the intentional processes that deter- 
mine sequences of action, e.g., feeding, 
fighting, maternal behavior and certain 
types of performance such as alternation. 
Neurobehavioral analysis has shown that 
those neural mechanisms which subserve 
differentiation are related to one aspect of 
the problem solving process; that those 
mechanisms which subserve intention are 
related to another aspect. The portions of 
the problem solving process that are related 
to neural mechanisms of differentiation will, 
for convenience, be referred to as ‘‘delinea- 
tions of problems’; those portions that are 
related to neural mechanisms of intention, 
“economic solutions of problems.”’ ‘Eco- 
nomic”’ distinguishes this type of solution 
from haphazard “vicarious trial and error’ 
solutions. Perhaps the most readily compre- 
hensible introduction to this neurobehavioral 
analysis of the problem solving process will 
come from the description of an experiment 
undertaken to clarify some of the issues 
raised in earlier drafts of this attempt.' 


1 Whatever the merit of this manuscript, much 
is due George Miller who led me by the hand 
through the formidably formal gardens of mathe- 
matics and who instigated not only the experiment 





268 Karu PRIBRAM 


DELINEATIONS OF PROBLEMS 


On the basis of comparative neuroana- 
tomical and electrophysiological data the 
forebrain can be divided into two major 
portions: a dorsolateroposterior and an 
anteromediobasal. In primates each of these 
major portions contains intrinsic sectors: 
posterior intrinsic sectors (the classical 
sensory association areas, [Pribram, 1954; 
Pribram, 1958b]), and a frontal intrinsic 
sector (the classical frontal association area, 
[Pribram, 1958a]). Neurobehavioral experi- 
ments performed during the past twenty-five 
years have shown these intrinsic sectors to 
be especially related to problem solving 
processes (Harlow, 1953; Pribram, 1954). 
The aim of this, and of the following section, 
is to specify in detail this relationship. 


An experiment. 


Procedure. A modified Wisconsin General 
Testing Apparatus (Harlow, 1942) is used 
to test twelve rhesus monkeys on a complex 
problem. The monkeys are divided into 
three groups, two operated and one control, 
each containing four animals. The animals 
in one operated group had received bilateral 
cortical resections in the posterior intrinsic 
cortex and those in the other operated group, 
bilateral cortical’ resections in the frontal 
intrinsic cortex some two and a half years 
prior to the onset of the experiment (Fig. 1); 
those in the control group are unoperated. 
In the testing situation these animals are 
initially confronted with two junk objects 
placed over two holes (on a board containing 
twelve holes in all) with a peanut under one 
of the objects. An opaque screen is lowered 
between the monkey and the objects as soon 
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Fic. 1. Representative reconstructions and 
cross sections through cortex and thalamus show- 
ing extent of the lesions in the posterior (upper 
figure) and frontal (lower figure) intrinsic sys- 
tems. Cortical lesions and resulting thalamic de- 
generation shown in black. 


as the monkey has displaced one of the ob- 
jects from its hole (a trial). When the screen 
is lowered, separating the monkey from the 
twelve hole board, the objects are moved 
(according to a random number table) to 
two different holes on the board. The screen 
is then raised and the animal again con- 
fronted with the problem. The peanut re- 
mains under the same object until the ani- 
mal finds the peanut five consecutive times 
(criterion). After a monkey reaches criterion 
performance, the peanut is shifted to the 
second object and testing continues (dis- 











Fu 
seven 
ber. 7 
rando 
one n 
from 














ON THE NEUROLOGY OF THINKING 


crimination reversal). After an animal again 
reaches criterion performance a third object 
is added (Fig. 2). Each of the three objects 
in turn becomes the positive cue; testing 
proceeds as before—the screen separates the 
animal from the twelve hole board, the ob- 
jects are placed randomly over three out of 
the twelve holes (with a peanut concealed 
under one of the objects), the screen is raised, 
the animal allowed to pick an object (one 
response per trial), the screen is lowered and 
the objects moved to different holes. The 
testing continues in this fashion until the 
animal reaches criterion performance with 
each of the objects positive, in turn. Then a 
fourth object is added and the entire pro- 
cedure repeated. As the animal progresses 
the number of objects is increased serially 
through a total of twelve (Fig. 3). The test- 
ing procedure is the same for all animals 
throughout the experiment; however, the 
order of the introduction of objects is bal- 
anced—the order being the same for only 
one monkey in each group. 

Analysis of the problem posed by this ex- 
periment indicates that solution is facili- 
tated when a monkey attains two strategies: 
(1) during search, moving, on successive 
trials, each of the objects until the peanut is 
found; (2) after search, selecting, on succes- 














Fig. 2 
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sive trials, the object under which the peanut 
had been found on the preceding trial. Dur- 
ing a portion of the experiment, searching is 
restricted for animals with posterior intrinsic 
sector ablations; and selection of the object 
under which the peanut had been found on 
the previous trial is impaired by frontal in- 
trinsic sector ablations. The effects of the 
posterior intrinsic sector lesions will be dealt 
with first. 

Figure 4 graphs the averages of the total 
number of repetitive errors made by each 
of the groups in each situation in the multi- 
ple object experiment. Comparison of 
Figure 4 with Figure 5, representing the 
repetitive errors made by each group in 
each situation during search, illustrates that 
the deficit of the frontally operated group is 
not associated with search (a result that is 
discussed below); however, the peak and 
general shape of the error curves describing 
the performance of the control and posteri- 
orly operated groups are similar whether 
total repetitive errors (Fig. 4) or search 
errors (Fig. 5) are plotted. In spite of the in- 
creasing complexity of the succeeding situa- 
tions, the curves appear little different from 
those previously reported to describe the 
formation of a discrimination in complex 
situations (Bush & Mosteller, 1951; Skinner, 














Fig. 3 


Fig. 2 and 3. Diagram of the multiple object problem showing examples of the three and the 
seven object situations. Food wells are indicated by dashed circles, each of which is assigned a num- 
ber. The placement of each object over a food well was shifted from trial to trial according to a 
random number table. A record was kept of the object moved by the monkey on each trial, only 
one move being allowed per trial. Trials were separated by lowering an opaque screen to hide, 
from the monkey, the objects as they were repositioned. 
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Fig. 4. Graph showing the average of the total 
number of repetitive errors made in the multiple 
object experiment by each of the groups (Controls 
= Normals; Posterior Intrinsic Sector Lesions = 
Temporals; Frontal Intrinsic Sector Lesions = 
Frontals) in each of the situations. A situation is 
defined by the number of objects in the problem 
and includes successions of trials. During each 
succession the peanut is consistently placed un- 
der one of the objects (cues). The succession is 
terminated when the monkey has moved, on five 
consecutive trials, the object under which the 
' peanut is placed (criterion). (See also the legends 
to Figures 2, 3, and 8.) A repetitive error is made 
by a monkey when he moves more than once, 
during a succession of trials, an object other than 
the one under which the peanut is placed. 
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Fic. 5. Graph of the average of the number of 

repetitive errors made in the multiple object ex- 

periment by each of the groups during search (see 
legend to Figure 4). Search trials are those ante- 
ceding the first “correct” reponse in a succession 
of trials, i.e., those anteceding the movement of 
the object (cue) under which a peanut has been 
placed. Note the difference between the location 
of the “hump” in the graph of the normal con- 
trols and in that of the posteriorly lesioned group 
(temporals). 
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1938). Though one might, a priori, expect 
the number of repetitive responses to in- 
crease monotonically as a function of the 
number of objects in the situation, this does 
not happen. Rather, during one or another 
phase of the discrimination, the number of 
such responses increases to a peak and then 
declines to some asymptotic level (Bush & 
Mosteller, 1951; Skinner, 1938). Analysis of 
the data of the present experiment has 
shown that these peaks or “humps” can be 
attributed to the performance of the con- 
trol and posteriorly operated groups during 
the initial trials given in any particular 
(e.g., 2, 3, 4.---+ cue) situation—i.e., when 
the monkey encounters a novel object. The 
period during which the novel and familiar 
objects are confused is reflected in the 
“hump” (Fig. 6). The importance of ex- 
perience as a determinant of the discrimi- 
nability of objects has been emphasized by 
Lawrence (1949; 1950). His formulation of 
the “acquired distinctiveness” of cues is 
applicable here. In a progressively more 
complex situation, sufficient familiarity with 


all of the objects must be acquired before a | 


novel object is sufficiently distinctive to be 
readily differentiated. 

But there is a difference between the con- 
trol and the posteriorly operated groups as 
to when the confusion between novel and 
familiar objects occurs. The peak in errors 
for the posteriorly operated group lags be- 
hind that for the controls—a result which 
forced attention because of the paradoxi- 
cally “better performance” of the posteri- 
orly operated group throughout the five and 
six cue situations (in an experiment which 
was originally undertaken to demonstrate a 
relation between number of objects in the 
situation and the discrimination “deficit” 
previously shown by this group). 


These paradoxical results are accounted 


for by a formal treatment based on mathe- 
matical learning theory: on successive trials 
the monkeys had to “learn” which of the 
objects now covered the peanut and which 
objects did not. At the same time they had 
to ‘“unlearn,”’ i.e., extinguish, what they had 
previously learned—under which object the 
peanut had been and under which objects it 
had not been. Both neural and formal models 
have been invoked to explain the results 
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Fig. 6. Graph of the average of the number of repetitive errors made in the multiple object experiment 
during those search trials in each situation when the additional, i.e., the novel, cue is first added. Note 
that the peaks in errors shown in Fig. 5 are accounted for by the monkeys’ confusion between novel 


and familiar objects as graphed here. 


obtained in such complex discrimination 
situations. Skinner (1938) postulated a proc- 
ess of neural induction to account for the 
peak in errors, much as Sherrington had 
postulated “‘successive spinal induction” to 
account for the augmentation of a crossed 
extension reflex by precurrent antagonistic 
refiexes (such as the flexion reflex). Several 
of Skinner’s pupils (Estes, 1950; Green, 
1958) have developed formal models. These 
models are based on the idea that both 
“learning” (or ‘‘conditioning’”’) and “un- 
learning” (or “‘extinction’’) involve antago- 
nistic response classes—that in both condi- 
tioning and extinction there occurs a transfer 
of response probabilities between response 
classes. This conception is, of course, similar 
to Sherrington’s “this reflex or that reflex 


~ but not the two together.” The resulting 


equations that constitute the model contain 
a constant which is defined as the probability 
of sampling a particular stimulus element 
(Green, 1958), i.e., object, in the discrimi- 
nation experiment presented here. This con- 
stant is further defined (Estes) as the ratio 
between the number of stimulus elements 
sampled and the total number of such 
elements that could possibly be sampled. 
This definition of the constant postulates 
that it is dependent for its determination 
upon both environmental and organismic 


factors. According to the model the rapidity 
of increase in errors in a discrimination 
series depends on this sampling ratio—the 
fewer objects sampled, the more delayed the 
peak in recorded errors. The paradox that 
for a portion of the experiment the pos- 
teriorly lesioned group performs better than 
the control group stems from the relative 
delay in the peak of the recorded errors of 
the operated group.? The model predicts, 
therefore, that this operated group has 
sampled fewer objects during the early 


? The actual model used to interpret the data 
analyzed here was developed by Green (1958) 
and is patterned after a model of discrimination 
of learning proposed by Bush and Mosteller 
(1951). The Green model takes its roots from a 
parallel model originated by Estes (1955). The 
general form of the model is derived from Estes’ 
equations describing the conditioning and extinc- 
tion processes: 


pr(S — 1) = 1 — (1 — po) (1 — 1) for condi- 
tioning to those elements which constitute 
occasions for reinforcement. 

pr(S’ — I) = po(1 — $2)*" for extinction to those 
elements which are never occasions for rein- 
forcement 


and 


p.() = —™ a — he 


rh + rh: Ladi + rho 


-(1 — ro: — wo2)" for the changes associated 
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portions of the experiment. This prediction 
is tested as shown in Fig. 7. 

The prediction is confirmed. The pos- 
terior intrinsic sector is thus established as 
one of the organismic variables that deter- 
mine the constant of the model. As postu- 
lated by the model, the ratio of objects 
sampled turns out to be more basic than 
the number of objects in the situation, 


per se. 


Mechanisms of invariance 


Monkeys with posterior intrinsic sector 
lesions show a lag in attaining the strategy 
to sample extensively; is this impairment 
correlated with other deficiencies in differen- 
tiation that follow such lesions? These 
deficiencies differ in some respects from 
those produced by lesions of the extrinsic 
systems, but the differences are subtle and 
have repeatedly eluded precise specification 





with intercept elements, i.e., those present on 
both reinforced and unreinforced occasions. 


where 
Po is the initial probability of response (operant 
level). 
x is the relative frequency of reinforced trials 
in the discrimination series. 
¢: and ¢2 are sampling ratios for reinforced and 
non-reinforced stimulus sets, respectively. 
n denotes the number of trials. 
It is assumed that the above equations are 
weighted directly as a function of the proportion 
of elements within the intercept and non-inter- 
cept subsets, such that 


pn(S’) = k’p,(S’ — I) + (1 — k’)pn(Z). 


In these experiments, then, 

S’ is the set of unreinforced stimulus elements 
(objects under which no peanut is located) 
and 

I includes among the subset of elements common 
to both reinforced and unreinforced trials 
those objects which ‘‘recently’’ have had a 
peanut under them. 

k’ is the proportion of stimulus elements not 
common to both reinforced and unreinforced 
trials. 

p,(S’) is the mean probability of response on 
non-reinforced trials (probability of error 
responses) on the nth trial. 

In the present experiment only the objects with no 
peanuts under them are considered since only one 
object at a time had a peanut under it. Thus the 
set of reinforced objects reduces to one, and the 
sampling ratio associated with it ¢: is maximized 
with respect to the sampling ratio associated 
with the unreinforced sets, ¢2 . 
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Fig. 7. Graph of the average of the per cent of 





the total number of objects (cues) that are sam- | 


pled by each of the groups in each of the situations 
(see legend to Figure 4). To sample, a monkey had 
to move an object until the content or lack of 
content of the food well was clearly visible to the 
experimenter. As was predicted (see text), during 


senting the sampling ratio of the posteriorly 
lesioned group differs significantly from the others 
at the .024 level (according to the non-parametric 
Mann-Whitney U procedure, [Mann & Whitney, 
1947]}). 


(Pribram & Mishkin, 1955). The available 
data may therefore be briefly reviewed in a 
renewed attempt at such specification. (1) 
As already noted, drastic bilateral removal of 
an extrinsic sector severely limits differen- 
tiative behavior in the modality and only 
in modality served by that sector. The 
limitation affects practically all differentia- 
tions in the mode: e.g., a monkey whose 
occipital lobes have been removed reacts 
only to the grossest changes in the environ- 
ment that affect the visual receptors— 
changes that can be ascribed to variations 
in total luminous flux (Kliiver, 1942). Com- 
parably, drastic bilateral removal of a pos- 
terior intrinsic sector restricts differentiative 
behavior within the mode served by that 
sector, and only within that mode, but the 
limitation is not as severe as that produced 
by drastic removal of the extrinsic sector 
serving that mode (Chow & Hutt, 1953; 


Pribram, 1954). (2) Under some conditions, , 


differentiation is unimpaired after drastic 
resection of the posterior intrinsic sector: 
e.g., after such a removal, a monkey can 
catch a flying gnat in midair and can pull in 


the first half of the experiment the curve repre. . 
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a peanut which is beyond reach but at- 
tached to an available fine silk thread (0000 
surgical). In these situations as in situations 
that necessitate the opening of a single box 
or depressing of a single lever, the operated 
animal is indistinguishable from an un- 
operated control animal (Pribram, 1958b). 
(3) Under other conditions, such as those in 
the experiment described above, differentia- 
tion is impaired after posterior intrinsic 
sector abiations. These conditions have in 
common the requirement that two or more 
separate responses be systematically related 
to the differences between the environmental 
events that determine the stimulus; i.e., 
alternatives are available to the organism, 
alternatives that are specified by environ- 
mentally determined stimuli. Such stimuli, 
for convenience, will hereafter be referred 
to as “input’’ variables. Examples of the 
problems where impairment is found (in the 
visual mode) are: brightness, color, form, 
pattern, size, and flicker discriminations 
(Mishkin, 1954; Mishkin & Hall, 1955; 
Mishkin & Pribram, 1954); successive and 
simultaneous discriminations (Pribram & 
Mishkin, 1955); successions of discrimina- 
tions (“learning set’?) (Chow, 1954; Rio- 
pelle, Alper, Strong, & Ades, 1953); oddity 
discriminations (Harlow, Davis, Settlage & 
Meyer, 1952); and matching from sample 
(Harlow et al., 1952). Though the operated 
animals may perform “normally” on par- 
ticular problems within a problem group, 
decrement is found on other more “difficult” 
problems in that group. Difficulty of prob- 
lem is independently defined by the num- 
ber of trials taken by naive unoperated 
animals to learn the problem. In most 
instances problem difficulty has also been 
related to differences between the physical 
dimensions of the objects, e.g., size dis- 
crimination (Mishkin & Hall, 1955), and to 
other determinants of the alternatives in the 
situation, e.g., situational differences (Pri- 
bram & Mishkin, 1955), sampling in the 
multiple object problem. 

These then are the data. Extensive bi- 
lateral ablations of both extrinsic and 
posterior intrinsic sector resections impair 
differentiative behavior but differences be- 
tween the impairments exist. Attempts to 
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portray these differences are familiar. Neu- 
rologists have spoken of' ‘‘defective sensi- 
bility” and of “agnosia” (Freud, 1953; 
Head, 1920), the latter often conceived as a 
disorder of memory. In so far as this dis- 
tinction assumes an associationistic model of 
the functions of the intrinsic sectors, it gains 
little support from neurological or neuro- 
psychological evidence (Pribram, 1958b). 
An alternate view can be proposed. Psy- 
chologists have spoken of “existential 
discriminations” and “differential discrimi- 
nations” (James, 1950), or of “sensibility” 
and “intelligibility” (Miller, Heise & Lich- 
ten, 1951), distinctions that are made on 
the basis of whether the organism’s actions 
are determined by “simple presence or 
absence” of input variables or by “some 
more complex relationship” between these 
variables, such as the number of ‘“‘contextual 
alternatives” in the situation (Miller, 1951). 
The results of the multiple object experiment 
warrant an attempt to pursue this concep- 
tualization of the distinction by proposing a 
formal model of the interaction between 
the functions of the intrinsic sectors in 
differentiative behavior. 

The defect in differentiative behavior 
that results from lesions of the extrinsic 
and posterior intrinsic sectors of the fore- 
brain can be characterized by stating the 
variety of transformations of descriptions 
of the input under which behavior remains 
invariant. Following extensive bilateral re- 
sections of the extrinsic sectors, behavior 
remains invariant under a great variety of 
transformations of the input. For instance, 
for these preparations, even brightness and 
size of luminant are multiplicatively inter- 
changeable quantities (Kliiver, 1942), 
whereas differentiative behavior by organ- 
isms with intact extrinsic sectors is invariant 
under much more restricted ranges of trans- 
formations of the input—e.g., differentia- 
tion in the case of contrast and contour 
(Mach, 1897), texture and acuity (Gibson, 
1950); continuous (orthogonal) projective 
in the case of position, distance, form and 
rigid motion (Gibson, 1950, Ch. 8; Gibson, 
1956; Gibson & Gibson, 1956). 

The effects of lesions of the posterior in- 
trinsic sectors can also be usefully charac- 
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terized in this way. Differentiative behavior 
which remains invariant under still fewer 
transformations of the input is interfered 
with by such lesions. In the extreme, unique 
responses, i.e., ‘“‘absolute’” differentiations, 
would be most affected. 

Unique responses can occur only when 
both an “absolute” unit and an ‘“absolute”’ 
reference point have been fixed. As indicated 
in the discussion of the results of the mul- 
tiple object experiment, mathematical learn- 
ing theory provides an approach to the 
specification of these units and their refer- 
ents. The fact that this mathematical de- 
vice has proved so powerful a tool in the 
analysis of some completely unexpected 
effects of posterior intrinsic sector lesions 
lends support to its usefulness in the de- 
velopment of the model. 

Partitioning 

By what neural mechanism could the 
posterior intrinsic sectors effect a restriction 
of the systems of transformations of the 
input under which differentiative behavior 
remains invariant? On the basis of neuro- 
logical and neurobehavioral data, the sug- 
gestion has been forwarded that the intrinsic 
sectors operate, via efferents, on the events 
occurring in the extrinsic mechanisms (Pri- 
bram, 1958b). These efferents can be con- 
ceived to partition the afferent activity that 
results in the events in the extrinsic sectors, 
events initiated by and corresponding to 
inputs. Partitioning determines the extent 
of the range of possibilities to which an 
element or a set of elements can be assigned. 
Partitioning results in patterns of informa- 
tion, information given by the elements of 
the subsets resulting from the partition (von 
Neumann & Morgenstern, 1953). The 
posterior intrinsic sector mechanism is thus 
conceived to provide both referent and units 
though not the elements to be specified. The 
effect of continued intrinsic sector activity 
will, according to this model, result in a 
sequence of patterns of information (parti- 
tions) of increasing complexity, which in 
turn allow more and more precise specifica- 
tion of particular elements in the set (or 
subsets) of events occurring in the extrinsic 
systems. Thus, through continued posterior 
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intrinsic sector activity, more and more in. 
formation can be conveyed by any given 
input. As a result, the organism’s differen- 
tiative behavior remains invariant under a 
progressively narrower range of systems of 
transformations of the input—differentia- 
tions become more “‘absolute.”’ 

The programming of the activities of the 
posterior intrinsic sectors remains in ques- 
tion. Some things are clear, however. The 
advantage of this model is that the program 
is not composed solely by the events upon 
which the program operates. In this respect 
the model is in accord with neural and neuro- 
behavioral facts (Pribram, 1958b). Other 
models, whether associationistic or match- 
mismatch (Bruner, 1957), demand the 
storage of an ever increasing number of 
“bits” of information. The evidence is over- 
whelmingly against the presence in the 
intrinsic systems of such minutely specific 
engrams (Lashley, 1950). In the model 
here presented, engrams consist of encoded 
programs; these operate on the neural 
events that are initiated by the input, trans- 
forming them into other neural events 
which can lead to an ever increasingly 
finer, i.e., appropriate, differential response 
(Gibson & Gibson, 1955; Werner, 1940). In 
this formulation the posterior intrinsic 
sectors are conceived as programming 
mechanisms that function to partition 
events initiated by the input, not as the 
loci of association of such events, nor as 
the loci of storage of an ever increasing 
number of minutely specific engrams. 


ECONOMIC SOLUTIONS OF PROBLEMS 


The mechanism by which the posterior 
intrinsic sectors is conceived to affect dif- 


ferentiative behavior finds a parallel in the | 


mechanism by which the frontal intrinsic 
sector can affect intentional behavior. In- 
tentions, as noted earlier, are defined as the 
result of the “harmonious interactions” that 
result from adaptations to ‘a number of 
mutually reinforcing positive elements.” 
The demonstration of this parallel is most 
effectively initiated by some further analyses 
of the data obtained in the multiple object 
discrimination experiment. 
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Some experiments 


Returning to the multiple object experi- 
ment, Figure 8 graphs the average of the 
total number of trials taken by each group 
of monkeys in each situation to reach the 
criterion of five consecutive errorless re- 
sponses. The peculiarities of the shape of 
the curve representing the performance of 
the posteriorly operated animals have al- 
ready been analyzed above. The difficulties 
in performance encountered by the frontally 
operated group are more clearly demon- 
strated by comparing the graph of the total 
number of trials (Fig. 8) with one that 
portrays performance following completion 
of search, i.e., after the first response on 
which the peanut is found (Fig. 9). Note 
that the lag shown by the frontally operated 
group in reducing the number of trials taken 
to reach criterion (or the number of repeti- 
tive errors made) occurs after the peanut has 
been found. This group of monkeys experi- 
ences difficulty in attaining the strategy of 
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Fig. 8. Graph of the average total number of 
trials taken in the multiple object experiment by 
each of the groups (Control = Normal; Posterior 
Intrinsic Lesion = Temporal; Frontal Intrinsic 
Lesion = Frontal) to reach, in each of the situa- 
tions, a criterion of performance of five consecu- 
tive correct responses. A correct response occurred 
when the monkey moved the object under which a 
peanut had been placed for that trial. In a suc- 
cession of trials, the peanut remained under one of 
the objects until criterion performance was 
reached. Then the peanut was shifted to one of the 
other objects in the situation and the trials re- 
sumed; this procedure was repeated until each of 
the objects in each of the situations had been the 
correct one. (See also the legends to Figures 2, 3, 
and 4.) 
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Fic. 9. Graph of the average of the number of 
trials to criterion taken in the multiple object 
experiment by each of the groups in each of the 
situations after search was completed, i.e., after 
the first correct response. (See legends to Figures 
5 and 8.) Note the difference between the curves 
for the controls and for the frontally operated 
group, a difference which is significant at the .05 
level by an analysis of variance (F = 8.19 for 2 
and 6 df) according to McNemar’s (1955) pro- 
cedure performed on normalized (by square root 
transformation) raw scores. 





returning on successive trials to the object 
under which they have, on the previous trial, 
found the peanut. Whatever may be the 
explanation of this difficulty, a precise 
description can be given: for the frontally 
operated group “finding the peanut” does 
not determine subsequent behavior to the 
extent that “finding the peanut” determines 
the subsequent behavior of the normal 
group. In Sherrington’s and in behavioristic 
terms the ‘‘positive element,’”’ response to 
the object is, for the frontal group, inade- 
quately reinforced by the ‘alliance with it” 
of the action, finding the peanut. More 
generally, response probabilities of the 
frontal group are less affected by the out- 
comes of their actions (e.g., finding a pea- 
nut). 

Interestingly, before the frontally oper- 
ated group begins to attain the necessary 
strategy (after the seven cue situation), per- 
formance of this group reflects the number 
of alternatives in the situation. This finding 
suggests a parallel with analyses of the ef- 
fects of outcomes developed in the theory 
of games and economic behavior. The ef- 
fects of outcome are determined by two 
classes of variables: (1) the dispositions of 
the organism, and (2) an estimate about the 
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actions of other parts of the system. The 
finding that performance of the frcntally 
operated group is related to the number of 
alternatives in the situation suggests that 
this group is deficient in evaluating the 
second class of variables—but this is only 
suggested by these results. Support for the 
hypothesis that frontal lesions do not affect 
the dispositional variables that determine 
the effect of an outcome of an action comes 
from the results of another experiment. 

In a constant (fixed) interval experiment, 
ten rhesus monkeys are tested in an “‘oper- 
ant conditioning” (Skinner, 1938) situation 
which consists of an enclosure (discarded 
icebox) in which a lever is available to the 
monkey. Occasionally, immediately after a 
depression of the lever, a pellet of food also 
becomes available to the monkey. The ex- 
perimenter schedules the occasions on which 
the action of pressing the lever has the out- 
come that a food pellet becomes available. 
In this experiment, these occasions recurred 
regularly at a constant (fixed) interval of 
two minutes. The conditioning procedure, 
as a rule, results in performance curves 
(scallops) which reflect, during the early 
portions of the interval, a slow rate of re- 
sponse, and during the latter portions an 
accelerating rate which nears maximum just 
prior to the end of the interval. All of the 
monkeys used in this experiment were 
trained every other day for two hour ses- 
sions until their performance curves re- 
mained stable (as determined by superiin- 
position of records and visual inspection) 
for at least ten consecutive hours. 

Two experimental conditions were then 
imposed, one at a time: (1) deprivation of 
food for 72 and 110 hours; (2) resection of 
frontal and posterior intrinsic cortex. Food 
deprivation increases the total rate of re- 
sponse of all animals markedly but does not 
alter the proportion of responses made dur- 
ing portions of the interval (Fig. 10). Re- 
section of the frontal intrinsic sector does 
not change the total number of responses 
but does alter the distribution of responses 
through the interval—there is a marked 
decrease in the difference between the pro- 
portion of responses made during the various 
portions of the interval. Monkeys with 
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Fic. 10. Graph showing the effect of food dep- 
rivation on monkeys’ rate of lever pressing re- 
sponse to food (a small pellet of laboratory chow) 
which became available every two minutes. The 
change in total rate is indicated by numbers under 
the deprivation label. The lack of change in the 
distribution of responses is shown by the curves. 
Each curve represents the average of the responses 
of ten monkeys; each point represents the average 
rate during a period of the interval over ten hours 
of testing. Variance is indicated by the short 
horizontal bars. Dr. Nathan Azrin made this ex- 
periment possible by constructing apparatus and 
by suggesting that separate counters be used to 
record performance during each period of the 
interval. Mr. David Nowel, Mr. Thomas Tighe 
and Miss Libby Fleisher helped carry out this and 
the experiment reported in Figure 11. 


lesions of the posterior intrinsic sectors and 
unoperated controls show no such changes 
(Fig. 11). 

The results of the constant interval ex- 
periment support the contention that the 
effect of an outcome of an action is influ- 
enced by variables which can be separately 
classified. Deprivation influences total rate 
of response; frontal lesion, the distribution 
of that rate. Deprivation variables are akin 
to those which have in the past been as- 
signed to influence the disposition of the 
organism. The frontal intrinsic sector lesion 
appears to influence the monkey’s estimates 
about the situation. This finding is thus in 
accord with that obtained in the multiple 
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Fig. 11. Graph showing the change in distribu- 
tion on monkeys’ response rate following frontal 
intrinsic sector ablation (three monkeys). Note 
that the distribution of rate over the interval is 
not affected in the controls (four monkeys) and 
after posterior intrinsic sector ablations (three 
monkeys). Also note that the total rate of response 
did not increase; rather rate was somewhat de- 
ereased, probably due to the ad libitum feeding 
period which all groups were given prior to opera- 
tion—approximately two weeks before postopera- 
tive testing. (Compare with Figure 10 and see 
legend to that figure.) 


object problem. Both experimental findings 
can be formally treated by the device of 
“mathematical expectation” (von Neumann 
& Morgenstern, 1953, Ch. 1). The distribu- 
tion of response probabilities in the constant 
interval experiment can be considered a 
function of the temporal “distance” from 


the outcome; distribution of response proba- 
bilities in the multiple object experiment is 
a function of the number of objects in the 
situation. Frontal intrinsic sector lesions 
interfere with those aspects of intention 
that depend on an estimation of the effects 
that an outcome of an action has in terms of 
the total set of possible outcomes that are 
available. The effects of frontal intrinsic 
sector lesions on behavior related to out- 
comes thus parallels the effects of posterior 
intrinsic sector ablations on behavior re- 
lated to inputs. A general model of intrinsic 
sector mechanisms seems therefore to be 
possible. As a step towards such a model a 
brief review of available data follows. 

The effect of frontal intrinsic sector resec- 
tion on the distribution of responses in the 
multiple object and constant interval prob- 
lems is correlated with other deficiencies in 
preferential behavior that follow such re- 
sections. The most clear-cut deficiency is in 
the performance of delayed reaction and of 
alternation by subhuman primates. These 
problems are usually classified with those 
used primarily to study differentiative be- 
havior, although differences between the two 
are recognized. These differences have been 
conceptualized in terms of one-trial learning 
(Nissen, Riesen, & Nowles, 1938), immedi- 
ate memory (Jacobsen, 1936), and retro- 
active inhibition (Malmo, 1942), concep- 
tions which are insufficiently distinctive to 
account for recently reported experimental 
findings (Mishkin & Pribram, 1956). More 
penetrating analyses have been accomplished 
for the effects of frontal intrinsic sector 
lesions on the performance of the double 
alternation problem (Leary, Harlow, Sett- 
lage, & Greenwood, 1952) and for the simple 
alternation problem per se. These analyses 
emphasize the recurrent regularities which 
constitute the alternation problems and 
suggest that such problems be considered 
examples of a larger class which can be 
distinguished from problems that require 
differentiation (Galanter & Gerstenhaber, 
1956). Delayed reaction may also belong 
to the class of problems specified by recur- 
ring regularities: the recurrence, at the 
time response is permitted, of some of the 
events present in the predelay situation, 
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constitutes an essential aspect of the delay 
problem (Mishkin & Pribram, 1956). 

The reasons for classifying the delayed 
reaction and alternation problems with those 
related to systematic variations of outcomes 
remain somewhat obscure. The results of 
the following experiment provide some 
clarification. Under special conditions, mon- 
keys with lesions of the frontal intrinsic 
sectors perform remarkably well the delayed 
reaction and alternation problems (Mishkin 
& Pribram, 1955; Mishkin & Pribram, 
1956). Adequate performance is established, 
however, at the cost of a great number of 
repetitive errors (though not of initial 
errors, Fig. 12). These results can be de- 
scribed as a failure in performance due to 
the relative inefficacy of the outcome of the 
frontally operated animals’ actions in de- 
termining subsequent action. This descrip- 
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Fig. 12. Graph showing the differences in the 
number of repetitive errors made by groups of 
monkeys in a ‘‘go-no-go”’ type of delayed reaction 
experiment. Especially during the initial trials, 
frontally operated animals repeatedly return to 
the food well after exposure to the ‘‘nonrewarded’’ 
predelay cue. Note, however, that this variation 
of the delay problem is mastered easily by the 
frontally operated group. The twelve rhesus 
monkeys used in the multiple object experiment 
(Figures 4-9) served as subjects some two years 
earlier in the delayed response experiment por- 
trayed here. Dr. Margaret Varley assisted in the 
performance of the earlier experiment. 


tion is compatible with the finding that, in 
delayed reaction, the important determinant 
of performance is the outcome of the ani- 
mal’s reaction in the predelay situation 
(Mishkin & Pribram, 1956), the outcome 
having ‘acquired distinctiveness” during 
the earlier phases of the experiment. 

From these data, a formal model of the 
neural mechanism that underlies the effect 
of frontal intrinsic sector resections on in- 
tentional behavior can be proposed. This 
model takes into account the neural rela- 
tionship between the frontal intrinsic sector 
and the mediobasal structures of the fore- 
brain (Pribram, 1958a), and is based on the 
finding that two classes of variables deter- 
mine the effects of the outcome of an action. 
A large body of data has been accumulated 
in the last twenty years as a result of studies 
which made use of surgical ablation and 
electrical stimulation (Olds, 1956; Pribram, 
1958a; Pribram & Kruger, 1954). These 
data demonstrate the special relation of the 
mediobasal systems of the forebrain to the 
class of variables subsumed under the rubric 
“disposition.” 


Mechanisms of disposition 


Changes in the following types of be- 
havior are reported to result from medio- 
basal forebrain ablations and stimulations: 
fighting (dominance, reaction to frustration); 
fleeing (escape and avoidance); feeding 
(appetitive, such as hoarding, and consum- 
matory); and mating and maternal (nest 
building and care of the young). Stimulation 
or ablation which affects one of these be- 
havior patterns is likely also to affect the 
other (though not necessarily to the same 
extent). On the other hand, the performance 
of discrimination tasks remains unaffected 
(Pribram, 1958a; Pribram & Kruger, 1954). 

Typically, the damage or stimulation of 
mediobasal forebrain sectors affects inten- 
tional behavior by disrupting the more or 
less orderly recurring sequences of actions 
which constitute feeding, fighting, fleeing, 
mating and maternal behavior. None of the 
elements of the sequence drop out; rather 
the duration of any one such element of ac- 
tion is altered. The outcome of an action 
appears, in these damaged animals, to be 
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an ineffective terminant or maintainant of 
acts in the sequence (Deutsch, 1953). Spe- 
cifically, animals with mediobasal forebrain 
sector resections continue feeding long after 
control subjects (with the same amount of 
deprivation and in the same situation) have 
stopped eating (Fuller, Rosvold, & Pribram, 
1957; Pribram & Bagshaw, 1953). The dura- 
tion of avoidance behavior is shortened: e.g., 
a monkey will repeatedly grasp a flaming 
match even though he is burned each time 
(Fulton, Pribram, Stevenson, & Wall, 1949). 
A fighting reaction is not maintained. An 
animal with a mediobasal forebrain sector 
lesion may draw blood or have a finger 
bitten off and within a few seconds sit un- 
concernedly munching peanuts. This effect, 
as that on avoidance, is especially easy to 
discern in measures of extinction (Pribram 
& Weiskrantz, 1957). Reactions to a ‘“‘frus- 
trating situation” are also altered along this 
dimension: the intensity of an animal’s reac- 
tion to frustration is unimpaired, but the 
duration of the reaction is shorter than that 
of a control subject (Pribram & Fulton, 
1954). When closely examined, the effects of 
mediobasal forebrain sector ablation on 
hoarding (Stamm, 1954), mating (Schreiner 
& Kling, 1953) and maternal (Stamm, 1955) 
behavior, are on the duration of a particular 
element of the sequence, e.g., food or an 
infant are dropped before the nest is reached, 
or occasionally, carried to the nest and then 
taken out again to be dropped elsewhere. 
The neural mechanisms whereby the 
mediobasal forebrain sectors affect the out- 
come determinants of behavior are only 
beginning to be detailed (Pribram, in press). 
Essentially, the mediobasal forebrain sec- 
tors are especially related afferently and ef- 
ferently to medial and mesencephalic and 
diencephalic structures in which are located 
receptors surrounding the 3rd and 4th 
cerebral ventricles (such as osmo- and tem- 
perature sensitive elements) as well as the 
non-specific diffuse systems (Scheibel, Schei- 
bel, Amollica, & Moruzzi, 1955). The latter 
are characterized by networks of short, 
fine-fiber neurons (Segundo, 1956). In such 
networks synaptic, dendritic and electro- 
tonic phenomena, especially sensitive to 
neurochemical influences, are most likely 


of greater total significance than are rapidly 
propagated patterns of neural impulses. In 
fact, the connections between the medio- 
basal forebrain and medial mesencephalic 
and diencephalic structures are so arranged 
that even when propagated signals are trans- 
mitted, the effect on the target site is more 
often a change in the local excitability than 
the firing of neurons (Gloor, 1955). 

Characteristic interactions between the 
functions of the mediobasal forebrain sectors 
and those of the diffuse non-specific systems 
are thus beginning to be established at the 
neural level, interactions which can account 
for the findings that intentional behavior is 
affected when mediobasal forebrain struc- 
tures are ablated or electrically excited. 
Analysis of the effects of these interactions 
can therefore be undertaken. Changes in the 
excitability of these neural mechanisms have 
been correlated with changes in activation, 
such as sleep-wakefulness, which, in the 
intact organism, are cyclic processes. The 
effect of an outcome of any particular action 
depends on the state of the organism and 
this state is a cyclic function, e.g., a heaping 
plate of food is most desirable at the peak of 
the appetitive cycle but slightly nauseating 
just after consumption of a large meal. The 
differences in the effects of outcomes depend 
therefore on the dispositions of the organism 
that are only partially (and inadequately) 
described by the differences that can be 
found to occur during any one cycle (Finger, 
1951; Finger & Reid, 1952; Hall & Hanford, 
1954; Lawrence & Mason, 1955; Richter, 
1955). More complete description takes into 
account cyclicly recurring regularities. 

The cycles of activation (or deactivation) 
in behavior that occur with changes in the 
excitability of the central and peripheral 
nervous system are analogous to conversions 
between potential and kinetic energy in 
physical systems—the activity of water at 
the base of a fall is not properly described in 
terms of the differences between the 
“amount” of energy which exists in the 
limpid pool at the top of the falls and that 
which characterizes the excited turbulence 
at the base. Rather, the difference is be- 
tween reciprocally related quantities—e.g., 
kinetic and potential, in the case of physical 
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systems (e.g., the waterfall); anabolic and 
catabolic, in biological descriptions. Thus, a 
‘“‘need-reduction” formulation, in which the 
referent against which changes are specified 
is considered to be some basal (i.e., minimal) 
activity level, is found inadequate. This 
conceptualization, by insistence on 
“amount” of need as the basic variable, 
easily falls into the trap of confusing the 
reciprocally related potential and kinetic 
manifestations of the energic process with 
quantitative differences in the total amount 
of energy in the system. 

An added argument against simple need 
“reduction,” based on the notion of ‘‘physio- 
logical need,’”’ is that such a notion does 
violence to physiological fact. Oxygen depri- 
vation produces little increase in respiratory 
rate provided a constant partial pressure 
of CO, surrounds the respiratory receptor 
mechanisms in the carotid body and brain 
stem (Meyer, 1957). Food deprivation, as 
in starvation, is insufficient per se in in- 
creasing appetite. Long term deprivation 
of mating leads as often to continence as to 
frustration—these examples suffice to sug- 
gest that physiological need is not invariably 
produced by deprivation. And, of course, the 
converse also holds: that ‘‘need” (e.g., 
measured by the rate or amount of move- 
ment related to an outcome) may actually 
increase when recurrently “satisfied” (Law- 
rence & Mason, 1955). 

On the other hand, the more complete 
specification that takes into account the 
reciprocally related recurring changes be- 
tween excitability and rest is supported by 
physiological fact. The electrical activity of 
totally isolated neural tissue is cyclical 
(Burns, Grafstein, & Olszewski, 1957). The 
period of cyclical activity can be specified 
and any changes imposed on the normal 
periodicity can be described. The advantages 
of such description are: that the ‘amount 
of excitability” is not confused with ‘‘amount 
of energy”; that a particular event can 
increase excitability at one time and decrease 
it at another; thus, the effect of an outcome 
of an action can be conceived to depend on 
the phase of the excitability cycle at the 
moment of action. The disposition of an 
organism is therefore a basic determinant of 


intentional behavior. Dispositions are con- 
ceived to be dependent on changes in the 
periods of neural excitability cycles. 


Expectation 


By analogy with the model describing the 
functions of the extrinsic and _ posterior 
intrinsic mechanisms, the proposal of a model 
of the: frontal intrinsic and mediobasal 
forebrain mechanisms begins with a state- 
ment of the variety of transformations of the 
outcomes of actions under which behavior 
remains invariant. Following extensive bi- 
lateral resections of the mediobasal fore- 
brain systems, behavior remains invariant 
over a wide variety of transformations of 
outcome, e.g., even gross changes in the 
amount of food deprivation minimally alter 
rate of response to food (Weiskrantz, 1953). 

Frontal intrinsic sector lesions affect in- 
tentional behavior that remains invariant 
only under the more restricted ranges of 
transformations of the outcome, transforma- 
tions which, in controls, can be shown to 
affect the distribution of intentional re- 
sponses. 

Unique distributions can occur only when 
both the units of intention and their refer- 
ent have been fixed. Difficulties in defining 
such units and their referent stem from the 
cyclical variations which describe the dis- 
positions of organisms—difficulties already 
discussed from the neuro-behavioral stand- 
point. The formal device ‘‘mathematical 
expectation,” which is so usefully applied to 
the analysis of the effects of frontal intrinsic 
sector lesions, is designed to overcome the 
difficulties encountered in analyzing the 
solution of problems characterized by cyclic 
phenomena (von Neumann & Morgenstern, 
1953). This device, based on combinatorial 
(equilibratory) and set theoretical methods, 
attempts to meet the difficulties by the sug- 
gestion that the solution of such problems 
is described, not by the single elements that 
define the problem, but by sets (and sub- 
sets) of such elements. Unfortunately, the 
mathematics falls somewhat short of ac- 
complishment in this area and only some 
rudimentary approaches to the task are 
possible at this time (von Neumann & 
Morgenstern, 1953). 
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ON THE NEUROLOGY OF THINKING 


Nevertheless, the relevance of the device, 
mathematical expectation, in the analysis of 
the results of the multiple object and con- 
stant interval experiments, suggests the 
formal model of the frontal intrinsic mecha- 
nism. This model conceives of the frontal 
intrinsic mechanism to partition the events 


in the mediobasal forebrain systems, dis- 


positional events that determine the effect 
of outcome variables. Partitioning thus re- 
sults in distributions of intentions, inten- 
tions determined by the elements of the sub- 
set resulting from the partition. The frontal 
intrinsic mechanism is therefore conceived 
to provide both referent and units, though 
not the elements that specify intentional 
behavior. The effect of continued frontal in- 
trinsic sector activity will, according to this 
model, result in an increasingly complex se- 
quence of intentions which, in turn, allow 
more and more precise specifications of 
intent that can be conveyed for any given 
outcome. As a result, the organism’s inten- 
tional behavior remains invariant under a 
progressively narrower range of systems of 
transformations of outcomes— intentions be- 
come more precise. 

The programming of the activities of the 
frontal intrinsic sector remains in question. 
Some things are clear, however. The ad- 
vantage of the model is that the program 
is not composed by the events upon which 
the program operates. Thus, as in the case 
of the posterior intrinsic mechanisms, stor- 
age of encoded programs is demanded— 
not storage of an ever-increasing number of 
discrete intentions. In this formulation, the 
frontal intrinsic sector is conceived as a 
programming mechanism that maps inten- 
tions—a conception that is in accord both 
with experimental finding and much clinical 
observation (Elithorn, Piercy, & Crosskey, 
1955; Freeman & Watts, 1951; Penfield, 
1948; Rylander, 1948). 


THOUGHT 


The argument has been forwarded, on the 
basis of an analysis of neurobehavioral data, 
that two major classes of behavior can be 
distinguished: differentiative and _ inten- 
tional. Both classes are observed when an 
organism solves a problem. The multiple 
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object experiment provides a paradigm of 
the relation between each of these classes 
and problem solution. Differentiation de- 
termines the strategy that facilitates search; 
intentions determine the strategy that 
facilitates performance. In more general 
terms, differentiative behavior delineates 
the problem through the acquisition of in- 
formation; economic solution of the problem 
depends on intentional behavior that uti- 
lizes the information already acquired 
(Kochen & Galanter, 1958). 

Still more precise systematic definitions 
of the organismic variables that determine 
differentiation and intention may profitably 
lead to further empirical inquiry and may 
aid in unravelling the terminological gobble- 
dygook that accompanies an effort of this 
sort. The particular words chosen to denote 
the distinctions made are not too important; 
that the distinctions be made in some way 
is often helpful. The concept of ‘stimulus’ 
is crucial to psychological inquiry (Stevens, 
1951); thus definition starts logically with 
this concept. Behavior theory often begins 
with the statement that a response is a func- 
tion of certain organismic variables (e.g., 
drive, habit) and of a “stimulus” which is 
conceived as some environmental event or 
constellation of environmental events. This 
classical behaviorist position has been chal- 
lenged by those investigators primarily in- 
terested in psychophysical and perceptual 
problems (Allport, 1955; Stevens, 1951). 
These investigators are concerned with the 
more precise specification of the category 
“stimulus” as including “distal” (e.g., en- 
vironmental) and “proximal” (organismic, 
i.e., receptor) events. This concern must be 
shared by the neuropsychologist who is in- 
terested in the relationships between cen- 
tral processes and behavior, since complex 
interactions between receptor and central 
mechanisms preclude an understanding of 
the one without an appreciation of the 
other. The importance of central regulation 
of receptor events is attested by the findings 
of recent physiological experiments which 
demonstrate mechanisms that allow the 
regulation of afferent activity through ef- 
ferents from the central nervous system: 
the effect of electrical excitation of efferents 
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(44 of the fibers in the ventral spinal root) 
in modifying the activity of afferents origi- 
nating in muscle spindles (Eccles, Fatt, & 
Landgren, 1956; Eldred & Hagbarth, 1954; 
Kuffler & Gerard, 1947; Kuffler & Hunt, 
1952); the influence of excitation of efferents 
in the otic system on afferent activity 
initiated by auditory stimulation (Galam- 
bos, 1956), and similar effects in the optic 
(Dodt, 1956; Granit, 1955), somatic (Hag- 
barth & Kerr, 1954; Hernandez-Peon & 
Scherrer, 1955) and olfactory (Kerr & Hag- 
barth, 1955) systems. 

“Stimuli” are thus conceived as centrally 
regulated receptor events. To avoid con- 
fusion, the term “input” is reserved for 
those receptor events which can be shown 
to be systematically related to an ensemble 
of environmental events. Inputs are specified 
either by direct observation of the effects of 
environmental events on receptor events, 
or indirectly from such effects on the be- 
havioral responses of the organism. 

As with the term “‘stimulus,” several uses 
of the term “response” are also often con- 
founded. As used in this presentation, ‘‘re- 
sponse” denotes any dependent variable 
which is selected as representative of an 
action—i.e., a repertoire of responses which 
can be shown to be systematically related. 
Movements or smooth muscle and endo- 
crine events comprise the effector com- 
ponents of action; those components that 
modify receptor activity (i.e., the stimulus 
components) are referred to as the ‘“‘out- 
come” of the actions. Actions are specified 
either by direct observations of the out- 
comes of muscular or endocrine events (e.g., 
the changes in the activity of afferents from 


muscle spindles) or indirectly from some - 


behavioral response (e.g., the record of de- 
pressions of a lever) made by the organism. 

Behavior observed to be a function of 
systematic variations of input is referred to 
as differentiative; behavior observed to be a 
function of systematic variations of out- 
come is referred to as intentional. The 
obviously circular relation between all of 
these definitions is tolerable since each term 
is independently, as well as circularly, de- 
finable: the environmental terms by physical 
methods, the organismic terms by biological 
methods. 


The experiments presented show that the 
delineation and economic solution of g 
problem begin more or less haphazardly, 
Haphazard problem solving behavior is de- 
scribed by the relatively wide range of 
systems of transformations of the inputs and 
the outcomes of actions under which the 
behavior remains invariant. Strategic prob- 
lem solution, on the other hand, occurs with 
restriction of the range of such systems of 
transformations. The experiment is inter- 
preted to indicate that restriction, in this 
instance, results from the operation of a 
mechanism (the intrinsic) that partitions 
the neural events (in the extrinsic and medio- 
basal systems) determined by inputs and 
outcomes. By providing both a referent and 
units, partitioning defines the range of possi- 
bilities to which an input or outcome is 
assigned by the organism. 

Is not the range of possibilities to which 
an input or an outcome is assigned by an 
organism the amount of “active uncer- 
tainty” shown by that organism in the 
situation? And is it not this active uncer- 
tainty that Dewey suggests is referred to by 
the man in the street as “thinking”? The 
delineation of a problem and its economic 
solution have been shown to be dependent 
on the range of possibilities to which input 
or outcome is assigned; establishing this 
range is characteristic of the thought proc- 
ess. A partitioning mechanism can be con- 
ceived to accomplish this characteristic; 
such a mechanism has been posited to de- 
scribe the functions of the intrinsic systems 
of the forebrain. On the basis of clinical 
neurological data, thought has classically 
been a suggested result of the function of 
these systems. The data and analysis here 
reported support the suggestion and give a 
more precise description of both the mecha- 
nism and the thought process than had 
heretofore been possible. As a corollary, 
some better understanding has been ob- 
tained of what constitutes a problem and its 
solution for the behaving organism: delinea- 
tion of the problem by differentiation 
amongst a set of possible inputs; economic 
solution of the problem by intentional 
choice amongst a set of possible outcomes. 
This understanding places a somewhat 
greater emphasis on, and details more ex- 
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ON THE NEUROLOGY OF THINKING 


plicitly, the organismic variables that de- 
termine problem and solution than many of 
the more recent conceptions and thus comes 
closer to attempts made in earlier psy- 
chologies.* 


*The neural mechanism of thinking proposed 
here is similar in several respects to others already 
formulated. The neurobehavioral data presented, 
and their formal analysis, suggest that the events 
in the extrinsic and mediobasal forebrain systems 
are indeed the important determinants of moment- 
to-moment behavior, as in Lashley’s (1952) and 
in Kohler’s formulation (Kohler, 1938; Kohler & 
Held, 1949; Kohler, Neff, & Wegener, 1955; Kohler 
& Wegener, 1955). However, these events are 
acted upon by others which provide the contextual 
matrix that sets limits on the moment-to-moment 
behavior, as proposed by Freud (1953), by Dune- 
ker (‘‘functional fixedness,’’ 1945), and, more 
recently, by Forgus (1954, 1956, in press). The 
resultant of the interaction of these two classes 
of neural events is described more formally, 
though less picturesquely, by the mechanism, 
‘partitioning of sets,’ than this resultant is de- 
scribed by Lashley’s largely nativistic or Hebb’s 
largely empiricistic conceptions: reduplicated 
neural loops (Lashley, 1942) or phase sequences 
(Hebb, 1949). Yet all three share the essential 
characteristic that, in continued problem solving 
behavior, increasingly complex patterns of neural 
events occur, patterns that allow nore and more 
precise differentiations and intentions to take 
place. 

The argument forwarded is in other respects 
similar to earlier neuropsychological formulations, 
in particular, those that have emphasized atti- 
tudinal factors. The analysis of the neurobe- 
havioral data here presented makes the distinction 
between partitions of (attitudes towards) those 
sets of events determined by inputs and those 
determined by outcome. This distinction allows 
greater precision in the description of attitudinal 
factors: those related to differentiation (e.g., 
Lashley’s comparison attitude [1952]), can be 
redefined as a capacity to acquire information— 
to search through a large number of possible in- 
puts (especially ‘‘negative instances’’); those re- 
lated to intention (e.g., Goldstein’s abstract atti- 
tude [1948]), can be redefined as the capacity to 
choose one outcome (a “‘positive instance’’) in the 
face of a large number of possible outcomes. Such 
redefinition, though at first startling, takes sub- 
stance from the recent demonstration of the im- 
portance of the outcome of. action in the deter- 
mination of the reorganization of the visual field 
after experimental inversion (Hein & Held, 1957; 
Kohler, 1951; Werner & Wapner, 1952; Werner & 
Wapner, 1955). 

Parallels with other, more recent neuropsycho- 
logical analyses can also be drawn. Denny-Brown 
(1956) has distinguished between cortical resec- 
tions that affect patterns of approaching (grasp- 
ing, hopping, placing) and those that affect pat- 
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“Thinking” has, for the most part, been 
the province of philosophers. But, as Fromm 
has emphasized, philosophies of thought 
have been of two sorts: those that originate 





terns of avoiding (withdrawing). Although the 
cortical resections made by Denny-Brown and 
those described here are only roughly comparable, 
enough correspondence exists to permit the sug- 
gestion that the ‘‘patterns of approaching’’ and 
“‘sampling”’ as described here, may reflect some 
common mechanism; that the ‘‘patterns of avoid- 
ing’ may be manifestations (in untamed animals 
subjected to laboratory routines) of the behavior 
described here as guided by outcomes. 

Nor is the distinction between the delineative 
and the economic aspects of problem solution a 
new one in the behavioral sciences. The contribu- 
tions of the Wirzburg school (Humphrey, 1951) 
and their Gestalt oriented successors (Allport, 
1955; Lewin, 1936; Maier, 1930; Wertheimer, 1945) 
have consistently emphasized the distinction 
between the “content’’ of thought and its ‘‘direc- 
tion’’ or “motor,’’ between knowledge and in- 
tention (Lewin, 1936). These formulations, how- 
ever, have frequently confounded two of the 
pairs of distinctions made in this presentation: 
the distinction between the delineative and the 
economic aspects of problem solution on the one 
hand, and, on the other, that between the attitudi- 
nal (partitioning) factors and the events upon 
which those attitudes operate. Piaget (1955) 
comes somewhat closer to maintaining separate 
these distinctions. This correspondence between 
Piaget’s analysis of the results of his observations 
and that presented here may be due to the simi- 
larity of the formal devices used: Piaget’s ‘“‘groups 
of displacements’ are included in the “‘systems 
of transformations’’ referred to throughout this 
presentation. 

Psychoanalytic formulations have suffered 
from some confusions similar to those of the Ge- 
stalt schools. The psychoanalytic formulations 
have, for the most part, been concerned with in- 
tentional behavior, but they have been couched 
in vocabulary devised to describe differentiation. 
As a result, distinctions between the “‘attitudinal”’ 
(“‘expectational,’’ ‘‘should’’) determinants of in- 
tentional behavior and the “‘affective’’ (“‘disposi- 
tional,” ‘‘want’’) determinants have been spoken 
of as differences between ‘‘conscious”’ (differen- 
tiated) and ‘‘unconscious’”’ determinants. A more 
precise statement is made possible by the argu- 
ment here presented. The attitudinal and affec- 
tive determinants of intentional behavior are 
inexorably mixed; distinguishing between them is 
a problem in its own right. This problem has its 
economic aspects: the patient must ‘‘want”’ solu- 
tion of the problem, and he must ‘‘expect,”’ i.e., 
be willing to ‘‘pay for,’’ solution. The problem 
also has its delineative aspects: a differentiation 
must be made between attitudinal factors (ex- 
pectations, plans, programs) which determine the 
patient’s intentions and which are ‘‘empty”’ per se, 
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in Aristotelian logic and those more inter- 
ested in logical paradox (Fromm, 1956). 
Epistemologies (e.g., the empiricist writings 
of Locke and of Hume) have delineated the 
problem acutely—for problem solution they 
have, almost invariably, resorted ultimately 
to intuition or nihilism. Philosophies more 
concerned with solutions of problems than 
with their delineation (e.g., in the Occidental 
tradition, the economic writings of Locke 





and those factors which constitute dispositions. 
This is one of the tasks of therapy. Neither the 
attitudinal factors (expectations) nor the dis- 
positions (wants) are ‘“‘unconscious’’; the dis- 
tinction between them is unconscious, and it 
is this distinction that must therefore be deline- 
ated. Only when delineation has been accom- 
plished can economic solution be attempted. 
Intentions can be altered by a change in action, 
and so in the outcomes that determine future 
intentions; or they can be altered by a change in 
expectations, and so in the specifications of the 
intentions. 

Social scientists have also made use of the dis- 
tinction between the delineative and the economic 
aspects of problem solution. Thus, Parsons dis- 
tinguishes between determinants of ‘‘interest’’ 
in a problem and those ‘‘which provide the stand- 
ards of what constitute satisfactory solutions of 
these problems’’ (Parsons, 1951). Basic to this 
distinction is the difference, as yet grasped only 
vaguely, between the acquisition of information 
(Shannon & Weaver, 1949) and its utilization (von 
Neumann & Morgenstern, 1953). The develop- 
ment of this distinction in the social, as well as in 
the biological (and in the physical), sciences is 
hampered by the fact that in connotative use the 
language of Occidental cultures fails to separate 
clearly the differences brought out by the neuro- 
behavioral analysis made here: differences be- 
tween attitudinal factors and the events upon 
which these attitudes operate on the one hand; 
and between the delineative and the economic 
aspects of problem solution on the other. Recently 
there has been, in North America, a shift in popu- 
lar connotation away from attitudinal determi- 
nants: e.g., the term ‘‘honesty’’ no longer refers 
exclusively to ‘‘telling the truth,” ‘‘respecting 


‘ others’ property”’ and such, but also to ‘‘behaving 


according to how one ‘feels’ and ‘sees’ the situa- 
tion,’’ even if this entails occasional lying or 
stealing (Riesman, Glazer, & Denny, 1950). Such 
confusion in connotative meaning creates special 
difficulties for a science that must obtain data 
almost exclusively from verbal reports. The re- 
sults of analyses such as this one of neurobe- 
havioral data may be most usefully applied to the 
social sciences as keys that open avenues of con- 
ceptualization common to all sciences, concep- 
tualizations now locked behind the intricacies of 
verbal behavior. 


and Adam Smith and of Marx; the philoso- 
phies of Spinoza and Hegel) have faced the 
paradoxical aspects of problem solution. The 
statement that, in an open market place, a 
maximum competitive self-interest leads not 
to destruction but to an increased standard 
of living is the result of an attempt to deal 
with paradoxes; paradoxes similar to those 
encountered here in the analyses of fluctua- 
tions in disposition and of combinations of 
expectations with respect to the outcome of 
actions. The psychological distance between 
the primates’ neural mechanisms of dif- 
ferentiation and intention and systems of 
philosophy is still awesome; yet, 

“Before the connection of thought and 
brain can be explained, it must at least 
be stated in an elementary form; and 
there are great difficulties about stating 
it.... Many would find relief at this 
point in celebrating the mystery of the 
unknowable and the ‘‘awe” which we 
should feel....It may be constitutional 
infirmity, but I can take no comfort in 
such devices for making a luxury of in- 
tellectual defeat. ... Better live on the 
ragged edge, better gnaw the file forever!” 
(James, 1950, pp. 177-179). 
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Just as the notations of arithmetic, algebra, and the calculus are mental tools 
invented to disentangle complex relations among quantitative variables, so 
the notation of symbolic logic is a mental tool for disentangling complex 
logical relations, such as class inclusion, conjunction, disjunction, implication, 
and denial. 

Rules governing cohabitation, “marriage” (these two not necessarily 
synonymous), and the various relations associated with different types of 
kinship are extremely complex in certain cultures. They seem even more 
complex to us than to the practitioners, because we do not even have words 
in our language to specify the vast complexities of kinship. This paper shows 
how symbolic logic notation can be used to make the kinship terms, relations, 
and rules based on these relations, concise. Even conclusions can be derived 
by symbolic logic which are not explicitly stated in ethnographic records. 
Thus the author derives the following theorem: “A Pawnee’s marriage 
partner must be the granddaughter of the sister of ego’s father’s father,” 
and notes that the ethnographic record does not contain this rule. 

Whether the Pawnees indeed follow this rule is a matter of empirical 
verification. If they do not, we know that there is an inconsistency between 
rule and practice, and further questions can be raised concerning the way 
rules actually govern behavior. If they do, they appear as sophisticated 


logicians, an interesting anthropological finding. 
SYMBOLIC LOGIC AND THE ANALYSIS OF SOCIAL ORGANIZATION 


by Hans Hoffmann 


University of Arkansas 


YMBOLIC logic may be discussed from 

several different points of view. It is an 
ideographic shorthand for recording em- 
pirical data, but also a technique for de- 
scribing relationships within this data. Fur- 
ther, it may realize the implications inherent 
in such relationships. 

A notation for the concise and consistent 
recording of empirical data is a first require- 
ment of a science. Furthermore a well devised 
system of notation may suggest applications 
far beyond its original intension. The vast 
mathematics of matrices grew out of a no- 
tational convention for describing a linear 
transformation. The notational conventions 


1The writer wishes to thank Dr. David F. 
Aberle, Dr. Fred Eggan, Dr. Ward H. Good- 
enough, and Dr. Clyde Kluckhohn for their criti- 
cal comments on this paper. He is particularly 
indebted to Dr. Roger Simonds for clarifying 
many technical points in symbolic logic, and to 
Dr. Floyd G. Lounsbury for his encouragement 
and help. 


of symbolic logic are one answer to the re- 
cording of anthropological data. Few would 
quarrel with its degree of conciseness, and 
its consistency is susceptible to proof. 

In anthropological work the raw em- 
pirical data is organized in terms of culture 
patterns. Such patterns describe who does 
what in the day to day activities of a tribe. 
They have a historical continuity, and stamp 
a uniqueness on a tribe. 

From a formal point of view we can regard 
such patterns as propositions rather than as 
quantitative variables. These propositions 
describe the qualitative make up of culture 
patterns rather than their quantitative dis- 
tribution within a tribe. 

Relations, both between people and _ be- 
tween culture patterns, are important as- 
pects of an anthropological discourse. The 
ability of modern logic to deal with such re- 
lations makes it an appropriate tool in 
anthropology. 
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SymBo.ic Logic AND ANALYSIS OF SOcIAL ORGANIZATION 


However the most important application 
of symbolic logic consists of morphological 
analyses of a scientific theory. One can 
demonstrate how certain propositions con- 
tain inherent implications, and conversely 
what postulates are needed to sustain more 
general syntheses. The implications of prop- 
ositions can be developed by operating on 
them with the various rules of inference in 
the system. The sequence of the operations 
used may be determined by intuition, as in 
the present paper, in order to prove a par- 
ticular theorem. They may also be deter- 
mined in a more fluid way to search for 
theorems whose existence may not be ap- 
parent. In either event such investigations 
reveal the structure of the data and _ its 
synthesis. 

We will illustrate some of these processes 
with data on Pawnee social organization. 
The empirical data has been refined to a 
high degree by Lounsbury, and thus lends 
itself readily to our purpose. The basic at- 
tributes used by Lounsbury (1956) in his 
discussion of Pawnee kinship are sex, ag- 
natic and uterine consanguinity, and. genera- 
tional differences between kinsmen. The 
relationship to an agnatic kinsman can be 
traced entirely through males, to a uterine 
kinsman entirely through females. 

After an inspection of the ethnographic 
data, Lounsbury makes the following state- 
ment: ‘(the people who are called) tiwdt- 
siriks‘are males who are same generation 
agnatic kinsmen of any of ego’s ascending 
generation uterine kinsmen.” Essentially, 
this statement says that for any entity 
“x”, if there exists another entity ‘“‘y”’ such 
that ‘x’ is called tiwdtsiriks by ‘“y’”’, then 
“x” is a male who is a same generation 
agnatic kinsman of the people who are 
“vy” ’s ascending generation uterine kinsmen. 
Such a statement of the form, “‘if ‘A’ is the 
case, then ‘B’ follows,” can be symbolized: 


ADB 


The horseshoe can be read “implies” and 
stands for, “if..., then...” 

For convenience let us represent the 
Pawnee relationship tiwdtsiriks by R'. Then 
we can symbolize the phrase ‘‘For an entity 
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‘x’, if there exists an entity ‘y’ such that if 
‘x’ is called tiwdtsiriks by ‘y’ . . .’”’, as follows: 


(x)[((dy) zR'y --- ] 


The parentheses around the ‘‘x” indicates 
the universal quantifier, i.e., (x) which is 
read, ‘For any entity ‘x’.”” This universal 
quantifier is used because any entity can 
be a tiwdtsiriks as long as it has certain em- 
pirical properties. On the other hand once 
such an entity has been specified, there are 
only a few other entities which will stand in 
the relationship tiwdtsiriks to “y.’”’ Hence 
the existential quantifier (Ay), which is read, 
“there exists at least one ‘y’.”” The expres- 
sion, xR'y, is read, “‘ ‘x’ stands in the rela- 
tionship tiwdtsiriks with respect to ‘y’”’; 
which, in practice, means that ‘“‘y”’ calls 
“x” by the kinship term tiwdtsiriks. 

Empirically we know that a person called 
tiwdtsiriks in Pawnee society must be a 
male who is a same generation agnatic kins- 
man of the people (which we shall call ‘‘z’’) 
who are also ascending generation uterine 
kinsmen of ego (called ‘‘y” in this discourse). 
These are the empirical properties of the 
entity ‘“‘x’”’. A male relative is symbolized 
““M”’; a same generation kinsman, ‘“‘G®”’; an 
agnatic kinsman ‘A’. Since all three of 
these attributes apply at the same time, we 
can write them together with a logical con- 
nective called “intersection” which is writ- 
ten n. The relation, ‘“ ‘x’ is a male who is a 
same generation agnatic kinsman of ‘2’ ’’, can 
then be symbolized: 


x[M n G°n Ajz 
The attribute of being in an ascending gen- 
eration can be written ‘“G*’’, and that of 


being a uterine kinsman as ‘‘U’’. Then the 
relation, 


z[|Gt n Uly 


‘7? is an ascending generation uter- 
» 99 


“ec 


reads, 
ine kinsman of ‘y 

Two relationships linking three groups of 
people at the same time are written to- 
gether as a conjunction ‘“ &’’: 


[xSz] & [zTy] 
which is read, ‘ ‘x’ stands in the relation 


‘S’ to ‘z’, and ‘z’ stands in the relation ‘T’ 
to ‘y’.” Such a conjunction can be abbrevi- 
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ated by means of the relative product nota- 
tion; that is: 


x(S | Tly 


which is read, “ ‘x’ stands in the relationship 
‘S’ to people who stand in the relationship 
‘T’ to ‘y’.” For “S” and “‘T” we can substi- 
tute the two preceding relations, such that 
we have: 


x[[M n G°n Aj | (Gt n Ully 


which is read, ‘‘ ‘x’ is a male who is a same 
generation agnatic kinsman of ascending 
generation uterine kinsmen of ‘y’.”’ The com- 
plete statement of the tiwdtsiriks relation- 
ship then consists of:. 


(x)[(Ay)[xR'y] > x[[Mn Gen A] | [Gta Ujly] 


This is a purely empirical statement describ- 
ing certain ethnographic observations. It is 
now desirable to abstract a definition of the 
tiwdtsiriks relationship. This is done by 
means of the following abstract: 


R! = pi(xy/[x[[M n G? n Aj | [Gt n Ujly)) 


which is read, “To any couple of entities ‘x’ 
and ‘y’ this abstract assigns the attributes 
that ‘x’ is a male who is a same generation 
agnatic kinsman of ascending generation 
uterine kinsmen of ‘y’.” Such an abstract 
represents a culture pattern in that it pre- 
dicts the empirical attributes of any ‘x’ 
and “y’” who stand in the relationship 
tiwdtsiriks to each other. 

A second relationship in Pawnee kinship 
is labeled téwat and obtains between a male 
ego and his same generation agnatic kins- 
men’s descending generation uterine kins- 
men. We can symbolize this relationship by 
R?. The data specify that either a male or 
female may be called a tiwat, but that the 
person ‘“‘y” who calls “x” ttwat must be a 
male. Now, ‘a male’s same generation 
agnatic kinsmen’s”’ can be written: . 


yIM n G°n Ajz 


while “descending generation uterine kins- 
men” can be written: 


z[|G~ n U]x 


Again we use the relative product notation. 
The statement, “‘tiwat’s are a male ego’s 





(‘y’s) same generation agnatic kinsmen’s 
descending generation uterine kinsmen”’ js 
then written as follows: 


y[[M n G°n A] | [G- a U]x 


The complete statement of the ttwat rela- 
tionship is then represented by: 


(x)[(y)[xR*y] 3 y[[M a Gen A] | [G~n Uj] 


A definition of téwat can be abstracted from 
this as follows: 


R? = pi(xy/[y[[M n Gn AJ | [G~ a Ul}x)) 


Certain similarities between these two 
definitions are apparent. Except for the re- 
versal of signs in the exponent of “G’’, we 
could have written: 


R! = pi(xy/xSy) 
R? = pr(xy/ySx) 


When two relations are the same except for 
a reversal of domains (‘‘x”’ replaced by ‘“‘y”’) 
and counter-domains (‘“‘y’’ replaced by ‘‘x”’), 
then one relation is merely the converse of 
the other: 


and 


R? = YR! 


However, this change of signs, reflecting the 
fact that if one relation goes up a genera- 
tional line its converse must come down the 
same line, prevents us from using the same 
“S” in the preceding two expressions. This 
asymmetry requires one to spell out both 
expressions in detail rather than condensing 
one of them by means of the converse nota- 
tion. 

A third relationship atias (R*) obtains be- 
tween males who are uterine kinsmen of 
ego’s first ascending generation agnatic kins- 
men. This can be written: . 


R® = pi(xy/[x{[M o U) 





[Gt n Ally)) 


A fourth relationship atira (R*) involves 
sisters of the tiwdtsiriks and atias. Hence we 
can use the definitions developed for these 
latter relations, but change the ‘“M” to 
“F” since these people are their female 
counterparts: 


R* = pi(xy/[Ix[[F 9 G°n Al 
| [G°n Ujly]VIx{[F a U) | (Gta Ally) 
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The disjunction sign, V, indicates that 
either of the two sets of attributes can be 
attributed to the couple ‘‘x, y’’; i.e., atira’s 
are sisters of either tiwdtsiriks or attas. 

The fifth relationship, pira?u, (R*) obtains 
between a first descending generation ag- 
natic kinsman of any uterine kinsman (male, 
in this case): 

R® = p1(xy/[x[[G~ n A] | [Mn U]ly)) 

For a female ego, the pira?u relation 
holds between the first descending genera- 
tion agnatic kinsmen of any of her uterine 
kinsmen, and between the descending gen- 


eration uterine kinsmen of her same genera- 
tion agnatic kinsmen. 


R® = ps(xy/[[x[[G~ 9 A] 
| [F a Ully}V{[x[G~ 9 U] | [F a G° n Ally))) 


A sixth relationship, akin to “brother” in 
English, is labeled :rdri relative toa maleego, 
and irdtsti to a female ego. R® includes 
male uterine kinsmen of ego’s generation, 


x[M n U n Gly 


as well as male agnatic kinsmen of ego’s 
generation, 


x[M n An G°ly 


These can be joined with a disjunction: 
[x[M n U n GJy]V[x[M in An Gly] 


This can be condensed further by means 
of the logical connective “join,” written vu. 
When an attribute or relation consists of at 
least one of two other attributes, these may 
be joined together. If 


xAw > [[xBw] V [xCw]] 
xAw D [x[Bu C]w] 


then 


Accordingly the preceding disjunction can 
be written: 


x[[M n Un Gu [Mn An Gly 


Two of the attributes appear twice. in this 
expression ; the following theorem (which we 
shall not prove here) permits a further 
simplification : 


lal[R nS] u [Rn T)]b] D [a[Rn [Su Tb] 


thus 
R® = pr(xy/[x[M n G°n [U u Ally)) 


However, R*® also contains members who 
are the offspring of atias; i.e., males who are 


first descending generation agnatic kinsmen 
of [M n U] | [Gt n A]: 


[x[Mn G-'n Aja] & [2{[M a U] | (G*'n Ally] 


This can be written as a relative (third) 
product: 
[A | [B | C]] 


which is an abbreviation for 
[xAw] & [wBz] & [zCy]: . thus 
x{[[M n Gn A] | [[M n U] | [(Gt' n Aljly 


The entire definition of R® is then expressed 
by: 


R° = ps(xy/{[x[M n Gn [U u Ally] 
V [x[[Mn Gn A] | [[Mn U] | [Gt'n Ajjly])) 


These illustrations demonstrate how ex- 
ceedingly intricate kinship relationships can 
be abstracted by the rules of symbolic logic. 
At this point we can look at two important 
affinal relationships; namely, that of tikvtaku 
(my husband) and tatirdktaku (my wife). 
In Pawnee culture a man’s “wives” are fe- 
male affinal relatives of the same generation 
as ego and female affinals of male uterine 
kinsmen one generation higher than ego: 


tatirdktaku = p+(xy/{[x[F n Af n Gly] 
V [x{[F n Af] | [Mn Un GJ) 


Furthermore, “husbands” of a female ego 
are male affinals of the same generation as 
she, and male kinsmen of one generation 
below ego who are uterine kinsmen of female 
affinals of the same generation of ego: 


tikitaku = pr(xy/[[x[M.n Af n Gy] 
V [x[M n Un G-'} | [F n Af n GJy])) 


We will abbreviate the term tatirdktaku 
by “Ta”, and the term tikiutaku by “Ti” in 
the rest of this paper. 

Kinship relations alone do not sufficiently 
describe culturally patterned behavior in 
certain spheres of Pawnee society. For ex- 
ample, a man called several women by the 
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term tatirdktaku (wife), but founded a family 
with only a restricted number of them. 
These were his marriage partner and her 
sisters. His mother’s brother’s marriage part- 
ner was available to him as a sexual partner, 
and called tatirdktaku also, but she was not 
married to him. Thus if “x” calls “‘y” by 
the term tikiditaku (husband), it does not 
follow that ‘x’ and “y” are necessarily 
married. Hence the following proposition 7s 
not true: 


(x)(y)I[[x(Ti)y] V [y(Ta)x]] > [x(Ma)y]] 


On the other hand the converse of this is 
true: 


(x)(y)[[x(Ma)y] > [[x(Ti)y] V [y(Ta)x]] 


Ego founds a family only with his mar- 
riage partners, rather than with all of the 
women he calls tatirdktaku. Hence the mother 
of ego’s son will be married to ego: 


(x)(y)[[x[Mo | s]y] > [x(Ma)y]] 


This can be abbreviated as a relational 
inclusion: 
[Mo | s] C, Ma 

The ethnographic literature does not record 
how the marriage partner of ego was se- 
lected. Lounsbury suggests that she may 
have been the granddaughter of the sister of 
ego’s father’s father. We will shortly present 
a formal proof of this prediction, i.e., that it 
is a necessary consequence of certain rela- 
tions between the Pawnee lineage system. 

Neither are kinship relations alone suffi- 
cient to describe the relation, ‘‘parent of.” 
To be sure, the biological father is included 
in the set of people calleh attas—along with 
many other people. Also, the biological 
mother is included in the set called attra. 
However, there is no kinship term for these 
biological parents alone. Thus it is only pos- 
sible to say that: 


Fa C,atias, and Mo C, attra 
On the other hand it is true that: 
(x)(y)[[[x(Pa)y] > [x[Fa u Moly] 


& [x[Fa u Moly] > [x(Pa)y]]] 


Two propositions “p’” and “q’” which 





imply each other can be written as a coim- 
plication: 


(lp > a] & [q > pl] > [p = ql] 


Accordingly we can condense the preceding 
to 


(x)(y)[[x(Pa)y] = [x[Fa u Moly] 


This can be abbreviated by means of a 
mutual relational inclusion ™;: 


Pa ~, [Fa u Mo] 


Kinship relations are merely one aspect of 
social organization; they are embedded in a 
wider system of community structure. Re- 
search designs in such fields as primitive 
law, economics, and culture-personality all 
utilize the patterns of community structure 
to organize relevant empirical data. 

We will illustrate a formal approach to 
community structure by considering the 
residence rules of a tribe. The basic relation 
is symbolized ‘‘Re’’, and reads “resides 
with.” The practice of matrilocal residence 
can then be expressed by the proposition: 


x(M1 Re)y 


which is read, “ ‘x’ lives in matrilocal resi- 
dence with ‘y’.” Patrilocal and _neolocal 
residence patterns can be symbolized (P1 Re) 
and (Neo Re) respectively. The relation of 
matrilocal residence is a description for the 
following empirical arrangement: 
(x)(y)[[x(M1 Re)y] > [[x(Ma)y] 

& [x[Re | Paly]]] 
The converse of this proposition also holds 


true, so that the practice of matrilocal 
residence can be described by: 


(MI Re) ~,; [Ma n [Re | Pal]] 
In patrilocal residence we have: 
(x)(y)[[x(PI Re)y] > [[x(Ma)y] 
& [y[Re | Pa]x]]] 
Similarly, neolocal residence is defined: 
(Neo Re) ~, [Man Re] 


The practice of residence considered in 
isolation from its context of the life cycle is 
frequently insufficient to discuss community 
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organization. Among the Pawnee, there are 
three different stages of the life cycle. 
Merely to characterize the culture as matri- 
local ignores some important features of its 
community organization. There are three 
ages in the life of a Pawnee male: (1) before 
puberty; (2) after puberty and before mar- 
riage; (3) after marriage. In each of these 
ages a different residence rule is in operation. 

The attribute of having attained puberty 
can be written (P). Its complement, (—P), 
is the attribute of not having attained 
puberty. The rule of residence associated 
with the first age merely states that the 
child lives with his parents: 


(x)[{(Age * 1)x] > [[(—P)x] & [x[Re | Pa]x]]] 
and defined by: 
Age #1 = p1(x/([(—P)x] & [x[Re | Pa]x]]) 


The second age of the Pawnee male is the 
period after puberty and before marriage. 
At this time he lives with his mother’s 
brother. While he is not formally married 
to this man’s marriage partner, he does 
enter into an institutionalized sexual rela- 
tionship with her: ; 


(x)(Ay)[[(Age #2)x] > [[(P n M)x] 
& [x(Re)y] & [y[B | Mo]x] & [x[Ti | Maly]]] 
Age #2 = p1(x/[(Ay)[(P n M)x] & [x(Re)y] 
& [y[B | Mo]x] & [x[Ti | Mal]y]]) 


Thus age #2 is defined by the abstract, 
“ ‘x’ is a male who has attained puberty and 
who resides with ‘y’, and ‘y’ is the brother 
of the mother of ‘x’ and ‘x’ is called tikvitaku 
(husband) by the person who is married to 


bey? 99 
. 








The third age is entered upon after mar- 
riage: 


Age #3 = ps(x/[(Ay)[(P n M)x] 
& [x(Ma)y] « [x[Re | Pa]y]]) 


Age *3 is defined by the abstract, ‘‘ ‘x’ is 
a male who has attained puberty, who is 
married to ‘y’ and who resides with the 
parents of ‘y’.”” The retention of the attri- 
bute of puberty may seem redundant, but 
serves to differentiate Pawnee marriage 
practices from those cultures practicing 
child marriage. 


A female in Pawnee culture continues to 
live with her parents both after puberty and 
after marriage. She does not experience the 
second age of the Pawnee male. Her married 
state can be defined by the abstract: 


Age #2(F) = pi(x/[y)[(P a F)x] 
& [x(Ma)y] & [x[Re | Pa]x]]) 


By similar methods, and the proper choice 
of new relations, one can formally describe 
other patterns of community structure such 
as joking relations, avoidance patterns, in- 
stitutionalized non-marital sex relationships, 
and the like. 

A culture is organized through time; pat- 
terns of social interactions endure even 
though individuals die and are replaced. 
Fach culture has a set of rules for placing a 
new-born member into such patterns; the 
replacement is not made at random. Thus a 
new-born child becomes a focus of interac- 
tion patterns not only within his biological 
family but also within the wider context of 
the social structure of his tribe. 

Lineages are an important example of 
such patterns. There exist several types of 
lineages, each of which can be defined by 
the rule for assigning members into them. A 
lineage structures behavior between people 
of different generations. If the lineage pat- 
terns of a culture are known, then other 
aspects of its social structure may be de- 
duced from them. We shall illustrate this in 
the last section of the paper. 

Among the Pawnee, it is reported that the 
following biological relatives are members of 
ego’s lineage: . 

(a) Siblings: a(B)ego, a(S)ego 

(b) His mother: b(Mo)ego, and her sib- 

lings: b[S | Mo] ego, b[B | Mo] ego 

(c) The children of his mother’s sister: 

e[[s | S$] | Mo] ego e[[d | S] | Mo} ego 
(d) His mother’s mother: d{[Mo | Mo] ego, 
and her siblings: d{[S | Mo] | Mo] ego, 
d{[B | Mo] | Mo] ego 
(e) The children of his mother’s mother’s 
sister: e[[{s | S}] | Mo] | Mo] ego, 
e{[{d | S] | Mo] | Mo] ego 
(f) The granddaughter of his mother’s 
mother’s sister: 
f{{{[d | dj | S] | Mo] | Mo} ego 
Another lineage, that of ego’s father (Fa), 
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consists of people who stand in the following 
biological relationships to ego (the field of 
each relation is suppressed in the interest 
of conciseness): (Fa), [B| Fa], [S| Fal, 
[Mo | Fal], ([S | Mo] | Fal, 
[(Mo | Mo] | Fa], [[[S | Mo} | Mo] | Fal, 
[{{[B | Mo] | Mo]| Fa]. All of the people 
within one lineage are uterine kinsmen of 
each other. There are, however, generational 
differences between them. For example, Mo, 
SMo, BMo, sSMoMo, dSMoMo, are one 
generation above B, S, sSMo, dSMo, 
ddSMoMo. Furthermore, MoMo, BMoMo, 
SMoMo are uterine kinsmen of and one 
generation above Mo, SMo, BMo, sSMoMo, 
dSMoMo. 

Hence, some of the Pawnee ‘“‘y” at a 
given generation stand in the following re- 
lationship to the people ‘‘x” in the next 
higher generation: 


x[U n Gt ly 
Such an expression is called the first power 
of the relation and symbolized: 
[U n Gt}! 


? 





” 


Furthermore, “y” stands in this relation- 
ship: 

x([U n Gt} | [(U n G* ly 
to the people “x” two generations above 
him. This expression is called the second 
power of the relation and abbreviated 


[Un GHP 


If only living members are included it would 
be rare to find a lineage including more than 
four generations. However, if dead ancestors 
have a role in behavior (or expected be- 
havior) patterned by a lineage, it may well 
include many more generations. Clearly a 
lineage, no matter what its depth in time, 
can be characterized by a set of relative 
products. Describing a_ three-generation 
lineage would require the third power of the 
basic relation, which, when written out in 
full, is: 


x[[[U n Gt} | (Un Gi] | [Un Gt ly 


A four generation lineage would require a 
fourth power: 


x{[[[U a GH] | (Un Gt] | 
[U n GH] | (Un GH ly 
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and so forth for each added generation in- 
cluded. 

A zero power of the basic relation also 
exists, and is written: 


[= n [((Fld(U n G*'))?]] 


This power is taken to be the relation iden- 
tity with its field restricted to the field of 
[U n G*]. The field of a relation is the class 
of all those things which bear the relation to 
various things, and conversely the class of 
all things to which the relation is borne. The 
field of x[U n G*']y consists of all the people 
represented by ‘‘x” and by “y’’. The zero 
power of [U n G+ relates each of these 
people to themselves and to nothing else. 

Negative powers of the relation exist, 
symbolized by 


(*[U a G*}') 


If ‘‘x’”’ bears the relation [U n Gt'] to “y”, 
then the converse is the relation which “y” 
bears to “‘x”’. That is, if: 


x[{U n Gt ly, then y(*[U n G*'))x 
This first negative power is abbreviated: 
((U a GH}') or [U nm Gt} 


The second negative power of the basic re- 
lation [U n G*'] is abbreviated by: 


({U 9 GHP) or [U a GH}? 


which describes the relation that ‘“‘y’’ bears 
to “x’’? when “x” stands in the relation 
x{[{U n Gt] | [U n G*']]y to “y’’. Similarly 
for higher negative powers. 

We will treat these positive, zero, and 
negative powers of the basic relation 
[U nm Gt'] as one set, symbolized by: 


(Un Gty* 


We shall not need these zero and negative 
powers directly in this paper. However a 
demonstration of their existence is necessary 
to assure the symmetry of a ssa paage: to 
be stated shortly. 

Clearly, this general expression [U n G+] 
is the basis for defir.ing a lineage of indefi- 
nite length. In practice, however, any two 
people in the lineage stand in only one of 
these relations to each other. Hence a defi- 
nition of lineage relationships will involve 
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only a single member of the set (({U n G*']*). 
Let us symbolize any member of this set by: 
({U n G*']pr). A uterine lineage is defined as 
a group of kinsmen between whom descent 
can be traced entirely through females, i.e., 
who stand in one of the relations of 
[U n Gt']* to each other. Hence we can 
symbolize this lineage by: 


Ut lin = pi({U n G+Jpr) 


Agnatic lineages also exist in Pawnee cul- 
ture. These are groups of kinsmen between 
whom descent can be traced entirely through 
males, for example: ego, Fa, [Fa | Fal, 
[Fa | [Fa | Fa]], s, [s|s], [s | [s| s]]. Agnatic 
lineages can be defined by: 





Ag Lin = p([A n G*']pr) 


There are two observations to be made. 
It is clear from an inspection of the Pawnee 
kinship terms that both types of lineages are 
superimposed on certain kinship relations. 
For example, one uterine lineage cuts across 
irdtsti, tiwdtsiriks, and tiwat relationships. 
One agnatic lineage cuts across atias, 
tiwdtsiriks, pira?u and ttwat relationships. 
In no case, however, are all members of these 
relationships included in each lineage. Hence, 
a lineage patterns behavior according to 
different criteria than those represented by 
kinship relations. Specifically these criteria 
are dictated by the values which the culture 
assigns to relationships along a time dimen- 
sion. 

Furthermore it is possible for one person 
to be included in both an agnatic and a 
uterine lineage. Ego, his son, and his grand- 
son constitute an agnatic lineage. Yet all 
three persons are included in three separate 
uterine lineages. However, his great-grand- 
son belongs not only to the same agnatic 
lineage as ego, but to the same uterine 
lineage as well. In other words, if ‘‘x’”’ is in 
the same agnatic lineage as “‘y’’ and three 
generations above ‘‘y’’, then ‘‘x’’ will also 
be in the same uterine lineage as “y’’: 


(x)(y)[[x[(Ag lin) n G*]y] > [x(Ut lin)y]] 


This statement describes an empirical ob- 
servation dealing with Pawnee ethnography. 


It is a relationship between culture patterns 
which can be defined as follows: 


Ri = ve (xy/[[x[(Ag lin) n G*]y] 
> [x(Ut lin)y]}) 


Thus far we have turned a variety of em- 
pirical observations on Pawnee ethnography 
into a variety of ideographic expressions. A 
concise and consistent notational convention 
is a first requirement for discussing a 
science. However, symbolic logic is able to 
render a deeper service than furnishing a no- 
tational convention. The various rules of 
inference in the system permit the implica- 
tions of propositions to be developed. This 
technique will be demonstrated with an 
intuitively evident example, before moving 
on to less obvious results. 

We have previously established that ‘‘x’”’ 
is in the same uterine lineage as “y’’ if 
x[(U n G*)prly is true: 


(x)(y)Ix((U a G*)prly] > [x(Ut lin)y]] 


The universal quantifiers indicate that this 
statement is true for all entities. In particu- 
lar it will hold for a person, ‘‘m’’, who is the 
mother of ‘‘y”: m(Mo)y. The proposition 
now reads: 


(y)[[m[(U n G*)prly] > {[m(Ut lin)y]] 


Similarly we can replace “‘y”’ by the son of 
this mother: y(s)m: 


[m[((U nm G*!)prjsi] D [m(Ut lin)s)] 
(theorem * 1) 


By definition a mother is a uterine rela- 
tive of her son one generation above him. 
That is, m(U n Gt')s, is taken as a hypothe- 
sis. Furthermore: 


R C, R* 
follows from the definition of R*, and 
[R C, R*] = [(u)(v)[[uRv] D [uR*v}]] 


follows from the definition of C,. Universal 
quantifier elimination then establishes the 
proposition: 


[m(U a G*)s;] D> [m{(U mn Gt*)prs)] 


One rule of inference, called modens 
onens, states that ‘“‘B” is a direct conse- 
p 
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quence of the statements “‘A”’ and ‘A > B”’. 
Hence we can deduce the proposition, 
m[(U n Gt?')prjs:, from the statement, 
m(U n Gt')s,, as follows: 


(1) m(U n G*)s, 
(2) [m(U n G*)s] > [m[(U n Gt*)pr]s;] 
Theorem * 1 


Hypothesis 


(3) m{(U n G*")prjs; 
1,2 M.-P. 


Similarly we can prove theorem #3, that 
m(Ut lin)s;, from the hypotheses 


m[(U a G*")pr]s; 


and [m[(U n Gt')prjs:) > [m(Ut lin)s)]. 
This proves that a mother is in the same 
uterine lineage as her son. By similar reason- 
ing we can prove that ego’s father’s father 
(“ff’’), i.e., (ff[Fa | FaJego) is in the same 
agnatic lineage as ego’s son, “s’’, i.e., 
(se(s)ego); i.e., that ff(Ag lin)s,. Empirically 
we know that a person’s grandfather is three 
generations above his son: ff(Gt*)s:. The 
last two statements can be conjoined: 


[ff(Ag lin)s,] & [ff(G**)s»] 
and abbreviated: 
ff[(Ag lin) n (G**)|se 


(Theorem * 2) 


Previously we have noted that: 


(x)(y)[[x[(Ag lin) 2 (G*)]y] > [x(Ut lin)y]] 


represents an ethnographic observation 
about Pawnee culture. We can eliminate the 
universal quantifiers: 


[ff[(Ag lin) n (G**)]|s_] > [ff(Ut lin)se] 


and establish theorem #4, ff(Ut lin)s:, by 
modens ponens. 

Empirically we know that lineage rela- 
tions are symmetric and transitive. That is, 
if ‘x’ is in the same lineage as “y”’, then 
“ty”? will be in the same lineage as ‘‘x’’: 


(x)(y)[[x(Ut lin)y] > [y(Ut lin)x]] 


It will be convenient to call this proposition 
theorem #5. Furthermore if ‘x’ is in the 
same lineage as “‘y’’, and “‘y’’ is in the same 
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lineage as ‘‘z’’, then ‘‘x’”’ must be in the same 
lineage as ‘‘z”’: 


[[x(Ut lin)y] & [y(Ut lin)z]] D [x(Ut lin)z] 
(Theorem #6) 


Using these two empirical properties of the 
lineage relationship we can infer that a man’s 
father’s father is in the same uterine lineage 
as the mother of that man’s son. However 
there is no logical reason to suppose that the 
son in the statement, ff(Ut lin)ss, is the same 
person as the son in the _ statement, 
m(Ut lin)s;, unless we specifically assume 
this fact: s; = se. We can now give a proof 
of the proposition, ff(Ut lin)m: 


(1) ff(Ut lin)se Theorem #4 
(2) m(Ut lin)s; Theorem *3 
(3) Ss: = S& Hypothesis 


(4) {m(Ut lin)s,] D [s,(Ut lin)m] 


Theorem #5 


(5) s,(Ut lin)m 2, 4 M.P. 
(6) ff(Ut lin)s; 1, 3 identity 
elimination 


(7) [ff(Ut lin)s,] & [s,(Ut lin)m] 
5, 6 conjunction 
introduction 


(8) [[ff(Ut lin)s,] & [s)(Ut lin)m]] 
D> [ff(Ut lin)m] 
(9) f€(Ut lin)m 


Theorem *6 


7,8M.P. (Theorem #7) 


Earlier we stated three hypotheses: 
Se(s)ego, m(Mo)s;, and s; = s. By identity 
elimination we can prove: m(Mo)s:. This 
can be conjoined to the first hypothesis: 


[m(Mo)s2] & [se(s)ego] 
and abbreviated: 
m[Mo | slego 


But we have already established that 
[Mo |s] €, Ma, which by definition means 
that m[Mo | slego D> m(Ma)ego. In other 
words, ‘‘m’’ is married to ego (Theorem #8). 
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We return now to the definition of 
“uterine lineage’’: 
(x)(y)[[x(Ut lin)y] > [x((U n G*'Ipr)ly] 
and eliminate the universal quantifiers: 
[ff(Ut lin)m] D> [ff(({U m Gt'|pr)m] 
By M.P. we can prove: 
ff({U n Gt |pr)m 


Since ‘‘ff’”? and “m” are two generations 
apart we can set up the empirical hypothesis: 


(f({U n Gt']pr)m] > [ff{[U a G+] | 
[U n G+]|m] 


- The right side of this implication follows by 


M.P., and is an abbreviation for: 
(ff(U nm Gt')z] & [2(U nm Gt')m] 


The proposition ff(U nm Gt')z can be estab- 
lished from this by conjunction elimination. 

Previously ‘ff’? was defined as being a 
male and thus he can have no uterine de- 
scendants ‘‘z’’. Hence, by definition of ‘U”’, 
“2” can pre be the child of ‘‘ff” ’s female 
Stings: 


ff(U mn Gt)z] D [[z[s | S}ff] 
from which 

[z[s | S]ff] V [z[d | S]ff] 
follows by M.P. (Theorem #9). 

The proposition z(U nm Gt')m is estab- 
lished by conjunction elimination. Since ‘‘m” 
has been defined as a female, and since a 
male ‘“‘z’’ could not have any uterine de- 


scendants, it is not true that ‘‘z’’ is a male, 
thus: 


(1) ~a{s| S]ff 
(2) [z[s | S]ff] V [z[d | S}ff] 
(3) 2{d | S\ff 


V [2{d | S}ff]] 


Hypothesis 
Theorem *9 
1, 2 Modens 


Tollendo Ponens 
(Theorem *# 10) 


Again, since ‘‘m”’ is a female uterine kins- 
man of ‘‘z” one generation below her, Ai cacl 
must be the daughter of ‘‘z”’ or of ‘z’’’s 
female siblings: 


[(U n G*!)m] D [[m(d)z] V [mld | S]z]] 
Hypothesis 
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from which we can establish theorem #11 
by M.P.: 


[m(d)z] V [m{d | S}z] 


Since either or both of the propositions in a 
disjunction are true, each must be investi- 
gated separately before a valid conclusion 
can be drawn from them. 

We have now demonstrated a sufficient 
number of preliminary results about the 
Pawnee lineage system to derive the prefer- 
ential marriage rule implied by these. This 
derivation will consist of a disjunction elimi- 
nation, i.e., of the implications which may 
be deduced from theorem #11. We note 
that our notational convention does not dis- 
tinguish between a person’s daughter and 
the sister of that daughter, i.e. [S | d] = 


(1) | {m(d)z] V [m[d|S]z] Theorem #11 
(2) | | m(d)z Hypothesis 
(3) | | afd | Sif Theorem # 10 
(4) ff[F'a | Fajlego Hypothesis 


(5) | | (m(d)z] & [z{d | S)ff] 
& [ff[Fa | Fajego] 
2, 3, 4 con. int. 
(6) | | mif{{{d | d] |S] | Fa] | Falego 
5, r. p. int. 
Hypothesis 
7, r. p. elim. 
8, con}. elim. 


(7) | | md | Sjz 
(8) | | [m(d)a] & [a(S)z] 
(9) | | m(d)a 











(10) a(S)z 8, conj. elim. 
(11) za(d | S\ff Theorem *# 10 
(12) | | sy & [b(S)ff] 11, r. p. elim. 
(13) | | 2(d)b 12, conj. elim. 
(14) | b(S)ff 12, conj. elim. 
(15) | | [a(S)z] & [z(d)b] 10, 13 con). int. 
(16) | | afS | db 15, r. p. int. 
(17) | | [S| dj = Hypothesis 
(18) | | a(d)b 16, 17 id. elim. 
(19) | [m(d)a] & [a(d)b] 9, 18 con). int. 
(20) | | m{d | d]b 19, r. p. int. 


(21) | | {b(S)ff] & [Fa | Falego] 
| | 4, 14 con). int.. 
(22) | 


| | | b{[S] | [Fa | Fa}lego 21, r. p. int 
(23) | | m|{{[{d | d] | S} | Fa] | Fajego 

| | 20, 22 r. p. int. 
(24) | ‘a] | Fajego 





m{[| 
| 1, 2-6, 7-23, dis. elim. 
Previously we have shown that: 


m[Mo | sjego 
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i.e., that “‘m” is married to ego. This means 
that ego’s marriage partner must have stood 
in relationship (24) to him. We have proved 
that the marriage rule implied by the 
Pawnee lineage structure specified that ego’s 
marriage partner must be the granddaughter 
of the sister of ego’s father’s father. The 
ethnographic record does not contain the 
Pawnee marriage rule. Hence the preceding 
proof is not merely a morphological analysis 


of Pawnee lineages, but also constitutes a 
historical reconstruction of an unrecorded 
aspect of Pawnee culture. 


REFERENCES 


Fitch, F. B. Symbolic logic. New York: Ronald 
Press, 1952. 

Lounsbury, F. G., ‘‘A Semantic Analysis of the 
Pawnee Kinship Usage,’’ Language, 1956, 
$2, 158-194. 


(Manuscript received February 24, 1959) 


The following comment on the style of Behavioral Science re- 
cently appeared in another journal :* 

“The murky workings of the academic mind are often awesome 
for the layman to behold. But perhaps no ways of academe are 
stranger than those used by the Mental Health Research Institute 
of the University of Michigan, which attempts to entice subscrip- 
tions to its publication, Behavioral Science, by describing one of its 


articles thusly: 


‘Social groups as entities do not have an epistemological status 
different from such middle-sized entities as stones and rats, but 
are apt to be fuzzier, less discrete, less multiply confirmed, and in 
this sense less real. The degree of entitativity and the possibility 
of a sociology at a level of analysis separate from psychology is a 
matter for empirical determination rather than, a priori decision.’ 


Well, we’re only a fuzzy middle-sized entity (like maybe a stoned 
rat) but, reading this, we began to suspect that the author of the 
article was apt to be fuzzier, less discrete, less multiply confirmed 


and, im this sense, less real.’ 


* Playboy, August, 1959, Vol. VI, No. 8, 12-14. 
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To decide what to do means to choose an appropriate response to a situa- 
tion. In the simplest case, the situation may be one of several stimuli, to 
each of which there is a “correct response.” Other studies have indicated 
that the latency of the response is positively correlated with the number of 
stimuli from which the stimulus presented is selected, or more specifically, 
that the latency is approximately a linear function of the uncertainty (meas- 
ured in information units) of the stimulus. The present study turns attention 
to possible neural models to explain such results and to account for the 
observed statistical distributions of reaction times associated with the recog- 
nition of the stimulus and with the decision to act. 


A STUDY OF DISJUNCTIVE REACTION TIMES* 


by Anatol Rapoport 
The University of Michigan 


HE time elapsing between the presenta- 

tion of a stimulus and the onset of the 
overt response associated with it has been 
the subject of investigation from the earliest 
days of experimental psychology. R. S. 
Woodworth (1938) credits the first reaction 
time experiment to Helmholtz, who per- 
formed it in 1850 to obtain the speed of 
nervous conduction by varying the distance 
of the point of stimulation of a frog’s motor 
nerve from the muscle. Later this method 
was superseded by more reliable ones for 
measuring speed of conduction, and atten- 
tion was turned to other independent vari- 
ables of reaction time, for example, the 
intensity of the stimulus, defined in 
various ways. 

The “uncertainty” of the stimulus also 
appears quite early as one of the independent 
variables studied. Woodworth cites the work 
of F. C. Donders (1868) and of J. Merkel 
(1885). In recent years, information theory 
has imbued the uncertainty of the stimulus 
with theoretical meaning and has been 
responsible for a resurgence of interest in 
this variable. 

A number of recent studies have estab- 
lished the following empirical result. Under 


*This research was supported in whole or in 
part by the United States Air Force under Con- 
tract No. AF33 (616)-6096, monitored by Aero 
Medical Laboratory, Directorate of Research, 
Wright Air Development Center, Wright-Patter- 
son Air Force Base, Ohio. 


certain conditions, the mean disjunctive 
reaction time is linear with the uncertainty 
of the stimulus. Specifically, if the stimuli 
are presented at random but with equal 
frequency, selected from a repertoire of n 
stimuli, the reaction time is linear with the 
logarithm of n: 


t = A log.n + B. (1) 


One is tempted to assume that the slope 
A of the regression line is processing time 
per unit of uncertainty, the so-called “‘deci- 
sion time,” while B is a constant in which 
processes independent of the uncertainty of 
the stimulus are lumped, e.g., delay in the 
receptors, musculature, recording appara- 
tus, etc. 

The logarithmic relation being common in 
descriptions of psychophysical data, one 
might be understandably wary of connecting 
this relation with the role of “information” 
in disjunctive reaction times: the mathe- 
matical analogy might well be fortuitous. 
However, stronger results along these lines 
have been obtained. By varying the relative 
frequencies of the stimuli and their statistical 
dependencies, one can impose an average 
uncertainty per stimulus in several different 
ways. If it is shown that the disjunctive 
reaction time depends on the information 
per stimulus alone, independently of the 
specific way in which the uncertainty has 
been imposed, the theoretical importance of 
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the information concept can be established 
more firmly. 

R. Hyman (1953) was able to show this 
result. He varied the information content of 
an experimental run in three different ways: 
(1) by varying the number of stimuli in the 
repertoire; (2) by varying the relative fre- 
quencies of the stimuli; (3) by varying 
sequential dependencies of the series. In all 
three cases, the regression line fitted the 
data with good accuracy, although the 
agreement was best when method (1) was 
used and least good when method (3) 
was used. 

Still another test of the relevance of the 
“amount of information” in reaction time 
experiments can be obtained by an appropri- 
ate calculation of the accuracy of the re- 
sponse. If the responses are perfectly ac- 
curate, the stimulus can be inferred with 
certainty from the response. If errors occur, 
there is a probability distribution of the 
stimulus presented associated with each 
response observed (or vice versa). The 
uncertainty measure of this distribution is 
called equivocation. Subtracted from the 
information content of the response 
“stream,” this leaves the information 
actually transmitted by the latter. W. E. 
Hick (1952) has obtained additional con- 
firmation of the linearity of the reaction 
time with the amount of information proc- 
essed, when equivocation is taken into 
account, in a situation when the percentage 
of errors is not negligible.’ 

Gratifying as is the established empirical 
connection between the average disjunctive 
reaction time and the information contained 
in a stimulus, it is not easy to explain this 
relation especially in some of the experi- 
ments. Let us see what an underlying theory 
might be like. If we postulated a definite 
channel capacity for the portion of the 
nervous system in which stimuli are trans- 
lated into responses which require choice or 


1My attention has been subsequently called 
to the comments of E. R. F. W. Crossman (1953), 
who makes the identical argument in support of 
the relevance of the amount of information to dis- 
junctive reaction time. Crossman cites Hicks 
but not Hyman, whose paper was published in 
the same year as Crossman’s. Crossman’s data 
provide the same sort of evidence as Hyman’s. 
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decision, it would seem that the results ob- 
tained would be a natural consequence of 
this assumption. It takes the channel so 
much time to process a bit of information; 
hence the decision involved in a response to 
a stimulus of a given uncertainty should be 
of duration proportional to this uncertainty. 
The additive constant, as has already been 
noted, contains in it the remaining delays, 
independent of the uncertainty. The channel 
capacity of the decision center will then 
appear as the inverse of the constant of 
proportionality connecting the uncertainty 
to the decision time. In communication en- 
gineering, this result is the ideal to be 
attained by proper design and, significantly, 
by proper coding of the information to be 
processed. Now “coding” necessitates the 
opportunity to examine not only single 
signals as they come but also sequences of 
such signals; otherwise the redundancies of 
the impinging signal stream cannot be taken 
advantage of in the coding, that is, the 
channel capacity cannot be fully utilized. 

To take an example, suppose signals A 
and B come in with the relative frequencies 
0.9 and 0.1, thus with greater redundancy 
than if they came with equal frequencies. 
Suppose the channel can process a bit per 
second. Since the information per symbol of 
our source is considerably less than one bit, 
namely, 


= 0.47 bits, (2) 


more than two symbols per second ought to 
be possible to “pump” through this channel. 
This can be done by properly encoding 
sequences of these symbols, e.g., by a proper 
use of pulse code modulation. For instance, 
if chunks of three symbols each can be 
handled at once, they can be encoded as 
follows: 


Sequence Probability Code (0,1) 
AAA 0.729 0 
AAB 0.081 100 
ABA 0.081 101 
BAA 0.081 110 
ABB 0.009 11100 
BAB 0.009 1110 
BBA 0.009 11111 
BBB 0.001 11101 
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This arrangement allows the channel to 
handle about 1.88 of the original signals 
per second. This is less than the theoretical 
limit of (0.47)—! = 2.13. But if we could code 
sequences of 4, 5, etc. signals, we could 
approach this limit. Indeed we could ap- 
proach it to any desired degree, but only 
if we could code larger and larger sequences 
of symbols. 

In some of the experiments where informa- 
tion theory has been applied to explain the 
results, such coding of long sequences is 
conceivable. For example, a pianist playing 
a sequence of “random music” with built-in 
redundancy (achieved by biasing frequencies 
or sequential dependencies) can take ad- 
vantage of the redundancies if he can en- 
compass sizable sequences of the notes before 
him: he has the opportunity to code such 
sequences. But in other experiments, such 
as those of Hyman and Hick, mentioned 
above, the stimuli are presented one at a 
time, each reaction time being recorded 
before the next stimulus is presented. The 
explicit coding of sequences is thus pre- 
cluded, and so is therefore the utilization of 
the redundancy by proper coding. Without 
a suitable model of the coding process, the 
linear relation between reaction time and 
uncertainty is at best an empirically estab- 
lished “law” without apparent theoretical 
underpinnings. 

One can nevertheless continue to search 
for models from which a linear or an approxi- 
mately linear relation between reaction time 
and uncertainty of the stimulus could be 
derived. If we confine ourselves to the equi- 
probable distribution of the stimuli, such 
models are easy to propose. One of the most 
immediately apparent ones is the dichot- 
omous decision model, proposed also by 
Hick (1952). The task is to match the stimu- 
lus perceived with one of the n stimuli 
stored in the memory. If the search is made 
by successively scanning pairs of approxi- 
mately equal classes (dichotomous scan- 
ning), one arrives at approximately log. n 
scannings, i.e., yes-no decisions which lead 
to the final identification of the stimulus. 
Clearly, where n is not large, there will be 
a sizable discrepancy between log, n and 
the average number of scannings required. 


For example, if n = 3, the average number 
of scannings will be 2 X 24 + 1X \& = 1.67, 
whereas the uncertainty of a stimulus taken 
among three equiprobable ones is log, 
3 = 1.59 bits. For n = 5, the average num- 
ber of scannings is 1 + 1 X 245 + 3% &X 
54 = 2.40, whereas the uncertainty is log, 
5 = 2.31 bits. 

However, if refined experimental tech- 
niques are available, such discrepancies may 
be considered fortunate—they differentiate 
the theoretical model of dichotomous 
scanning from the purely empirical relation 
connecting the disjunctive reaction time to 
the uncertainty of the stimulus. 

Another model deserves attention because 
of its interesting theoretical potential. Sup- 
pose the stimulus perceived is compared not 
sequentially with dichotomized classes but 
simultaneously with all of the stimuli 
stored in the memory, i.e., all those. from 
which each of the stimuli presented is 
selected. Suppose moreover that the time 
of comparison is a random variable with 
frequency distribution f(r). If we assume 
that all n comparisons must be completed 
before the reaction takes place, we conclude 
that the frequency distribution of the re- 
action time is identical with the distribution 
of the largest of n arbitrarily selected values 
of the random variable which is the single 
comparison reaction time. Let the cumulative 
distribution of the reaction times be 
F(t) = fo f(r)dr. Then the cumulative dis- 
tribution of the largest single comparison 
time in a sample of n will be F"(t). Therefore 
the expected disjunctive reaction time for 
n equiprobable choices will be, according to 
this model 


i(n) = [ t dF"(t) dt. (3) 


It is noteworthy that for a very simple 
choice of f(r), i(n) is very well approxi- 
mated by a logarithmic function. Namely, 
let f(r) = ke", an exponential frequency 
distribution. This is a reasonable choice 
for the distribution of some elementary 
process, since it is the distribution of in- 
tervals between completely randomly spaced 
events, events which constitute the so-called 
Poisson shower, where the time of incidence 
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of each event is wholly independent of the 
time of incidence of the preceding event, 
while the average gross frequency remains 
constant. 

Then 


t 
F(t) = [ ke“ dr =1—e" (4) 
0 


Pw => (-1)'(") c* (5) 


L. 8. Christie and R. D. Luce (1956) have 
shown that 


[ LZ. (-1)'(") edt = La Be (6) 
». fe j k j=19 

But for fairly large n, we have with good 
approximation 


n 


wis? logon + C, (7) 


j=1 


where A’ = log, 2, and C ~ 0.58 is the well 
known Euler’s Constant. The quasi- 
logarithmic relation is the “business” part 
of the function, relating uncertainty to 
decision time. If we lump the rest into 
another constant, we have with good ap- 
proximation, especially for larger values of n, 


t= A logan + B. (8) 


Here B contains C and the lags independent 
of the uncertainty, and A = 1/k log, 2, 
where 1/k is the average value of the unit 
scanning time, Thus the simultaneous 
scanning model leads to an approximation 
of the logarithmic formula, just as the 
dichotomous model does. 

In the last example, our starting point 
has been an assumed frequency distribution 
of the time of a basic decision or recognition 
act. In postulating dichotomous scanning, 
we can, of course, also start with such an 
assumed distribution, namely that of each 
dichotomous decision. However, the com- 
putation of the mean or expected disjunc- 
tive reaction times in the case of sequential 
dichotomous decisions will lead to exactly 
the same result as in the case of adding the 
time means of the sequential acts. This is so 
because in the case of sequential acts, the 
“addition of distributions” computed by 
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the so-called convolution functions is a 
linear operation. The sum of the means in 
such an operation always equals the mean 
of the sums. In the simultaneous comparison 
case, however, the calculation of the suc- 
cessive means as 7 increases is not a linear 
operation and therefore in order to calculate 
the means, we must start with a particular 
assumed distribution of the basic compari- 
son time. 

To summarize, given a set of experimental 
data on disjunctive reaction times, we can 
proceed with the construction and testing of 
several kinds of models. Some of these may 
be “rough” or deterministic, dealing with 
the derivation of only the expected (mean) 
reaction times; some may be “fine” or 
stochastic, dealing with the derivation of 
the distributions of the reaction times, 
Moreover, we may postulate the basic 
“recognition” or decision acts as taking 
place either in series (sequentially) or in 
parallel (simultaneously), as shown by 
Christie and Luce (1956). If the acts are 
assumed to be in series and if only the deter- 
ministic model is our concern, then dis- 
tributions need not be considered in the 
theory. But if the acts are assumed in 
parallel (whether our concern is with means 
or with distributions) or if our concern is 
with the distribution of reaction times, then 
particular distributions must be assumed. 

The theoretical considerations just dis- 
cussed were applied to the analysis of an 
experiment in which the disjunctive reaction 
times of the coordinated actions of a three- 
person group were measured. Since the ex- 
periment was not designed to test the specific 
models proposed above, a great deal is left 
to be desired in its design. However, starting 
with the experiment as a fait accompli, we 
feel that the analysis can be considerably 
instructive, especially for the design of 
future experiments in the light of the mathe- 
matical theory proposed. 


THE TASK 


Each of three subjects who constitute our 
group faces a panel on which there are two 
lights, which go on with each stimulus 
presentation. Between the lights, immedi- 
ately below is a lever which normally rests 
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in the central position and which can be 
moved either to the right or left, i.e., in the 
direction of either light. When released, 
the lever returns to the central position. 
The task is to extinguish the six lights. 
The Experimenter releases a lever simultane- 
ously with the stimulus presentation (a pro- 
nounced number). The release of the lever 
starts a clock, which is stopped when the 
last light is extinguished. The time interval 
is recorded to the nearest 1 second.” 

The six lights can be extinguished only 
in pairs, as shown by the dotted lines in 
Figure 1. Each pair can be extinguished 
only if the corresponding subjects move 
their levers toward each other. 

For example, the pair between A and B 
can be extinguished only if A holds his lever 
in the position toward B (to the right) and 
B holds his toward A (to the left). It follows 
that no two pairs can be extinguished simul- 
taneously, and therefore the three pairs will 
be extinguished in one of six possible orders 
(3! = 6). These six orders are labeled “1” 
through ‘6’. A stimulus presentation is 
one of these digits (which we will call the 
“target numbers”) pronounced by the Ex- 
perimenter. The group must respond by 
extinguishing the three pairs of lights in 
the corresponding order. In our experiment, 


* The means of the group reaction times in this 
experiment range from about one to two seconds. 
Measurement to within 4% second, therefore, may 
appear too rough. However tie large number of 
data used in averaging the values justifies some 
confidence in a greater accuracy in these averages. 
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the six orders were labeled as shown in 
Table I. 

Suppose now the levers are moved in 
synchrony in three successive time periods. 
The right hand column of Table I can be 
represented by six matrices as shown in 
Figure 2. The numbers labeling the matrices 
are the target numbers; the entries in the 
matrices are the positions to which the 
respective subjects must move their levers 
in the three time periods (the columns). 
Blanks indicate the time period in which the 
lever position of the corresponding subject 
is immaterial. 


TABLE I 








Order in Which the Pairs as 
Labelled in Figure 1, Must 
Be Extinguished 


Target Number 





“oy? 3 1, 3 
““g? 1, 2, 3 
40g)? | 3 2 
664”? 2, 3, 1 
65 3, 1, 2 
ds | 3 2 1 


~ 
- 





The subjects get ample practice in this 
task until they get the fundamental idea 
that essentially there is only one decision to 
make at the presentation of the target num- 
ber, namely whether to move the lever 
immediately to the right or to the left when 
the target number is pronounced. To see this, 
consider the point of view of subject A. 
Suppose the target number is “‘1”’. A’s job is 
to move the lever to the left and keep it 
there until the ieft light goes out, since 
this is the indication that C, who has to 
move to the right, has already moved. At this 
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time, it is only necessary to switch to the 
other position. A similar situation obtains 
for A if ‘‘4” is prescribed. Suppose now “6” 
is presented. Again A is to move to the 
left. True, the first time period is blank for 
A, but this first move is to the left at any 
rate; so he may as well move left immedi- 
ately. In this case, the left light will not go 
out at once, since A’s left partner, C, is 
otherwise engaged. Thus A has to wait a 
little longer before shifting to the right. 
Still the only decision required of him is to 
go to the left if the target number is 1, 4, 
or 6; and to the right otherwise. The only 
other action, switching the lever from one 
side to the other requires no decision: it is 
a reaction to only one possible stimulus, 
namely the extinguishing of a light and so 
is not a disjunctive reaction. 

All these matters are explained to the 
subjects and a practice session of about one 
half hour precedes the experiment proper. 
The subjects have before them a chart in- 
dicating their moves for each of the target 
numbers. It is a simple matter to memorize 
these moves during the practice session, 
since each subject has only to associate 
three digits with “right” and the remaining 
three with “‘left.”” The criterion for beginning 
the experiment was the ability of the group 
to respond correctly to all six target numbers 
selected at random several times so that all 
the lights are extinguished within two 
seconds at each presentation. 


THE DESIGN 


The subjects were 24 three-person all 
male groups, randomly selected among ap- 
plicants (The University of Michigan 
students) ‘‘to participate in a psychological 
experiment which is to run all night.” The 
experimental session started at 8:00 p.m. 
and lasted usually to 1:00 a.m., including 
the half hour practice period and two ten 
minute breaks. (The subjects spent the 
remainder of the night on another task in 
which logical reasoning was studied under 
fatigue conditions.) 

Each experimental session consisted of 72 
runs, each involving 35 stimulus presenta- 
tions. The 72 runs consisted of six classes of 
12 runs each. The six classes represent the 





six uncertainty contents of the stimulus. 
Thus in a run of Class 1, the same target 
number was presented all 35 times. In a run 
of Class 2, a random sequence of two target 
numbers was presented, somewhat modified 
to give as equal frequency distribution as 
possible (18:17). In a run of Class 3, a 
random sequence of three target numbers 
was presented (of frequencies 12:12:11), ete. 

Since there were 12 runs in each class, it 
was possible to use 12 of the 15 pairs of 
target numbers for the Class 2 runs; 12 of 
the 20 triples in Class 3, etc. The selections 
of the n-tuples were made so that all the 
target numbers were equally represented 
in the 35 X 72 = 2520 stimulus presenta- 
tions in each experimental session. 

Moreover, the runs were equally divided 
into four types of conditions: ON-FAST; 
ON-SLOW; OFF-FAST; OFF-SLOW. We 
will describe the ON, OFF, FAST, and 
SLOW conditions. The meaning of their 
combinations will then become obvious. 

The ON condition has already been 
described. Here the subject sees the two 
lights on his panel and reacts to the ex- 
tinguishing of one of them by switching the 
lever to the other. 


In the OFF condition, the panel lights do 


not go on, but the order of the simultaneous 
lever positions which would have extin- 
guished the lights is recorded as before. The 
subject therefore has no indication on his 
panel when to switch. He must depend on 
signals from other subjects. The subjects 
were instructed to mark the three time 
periods by pronouncing ‘‘One-Two-Three.” 
If the movements of the levers are syn- 
chronized properly with these commands, as 
indicated in Figure 2, the same results 
obtain as in the ON-condition. The re- 
sponsibility to say ‘“‘One-Two-Three” is of 
the subject who must move on the first 
two time periods. 

In the FAST condition, the apparatus 
was reset and the new target number was 
announced immediately upon the closing 
of all the circuits. Therefore in this condi- 
tion the run was roughly “self-driven,” 
i.e., the pace was set by the subjects them- 
selves, 

In the SLOW condition, the apparatus 
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was reset immediately after the circuits were 
closed, but the new target number was 
announced two seconds later. 

The sequential pattern of types of runs 
was different for each of the first 12 groups 
and replicated in the other 12 groups. Thus 
runs of various combinations of classes were 
represented in various time periods relative 
to the start of the experiment. The effects of 
conditions, uncertainty classes, and possible 
learning and fatigue effects were therefore 
all confounded. 

The multiplicity of subjects and condi- 
tions makes for large variances in the reac- 
tion times. Nevertheless we shall approach 
the data at first in the crudest fashion. 
Namely we shall compare the grand means 
(over all the 24 groups and the four condi- 
tions) of the reaction times associated with 
the six uncertainty classes. We will assume 
that the largeness of the sample (50,000 
reaction times) contributes to the ‘‘washing 
out” of extraneous factors in the statistical 
results. We shall calculate the means pre- 
dicted by each of eight models to be pro- 
posed and note the accuracy with which 
each of the models predicts these means. 
Separate comparisons of the various condi- 
tions, i.e., FAST vs. SLOW; ON vs. OFF 
will be made elsewhere.* 

We shall next turn our attention to the 
distributions of the reaction times in each 
class of response. Here only six of the eight 
models proposed will be relevant. Our goal 
is to establish the relative prediction potency 
of the several models by testing them ac- 
cording to several different criteria. 

The models to be examined will be of 
four types, each type to be represented by 
two variants. 

1. The logarithmic (information-theoreti- 
cal) model. Here the mean reaction time is 
assumed to be a linear function of the 
uncertainty of the stimulus, as given by 
equation (1). 

2. Dichotomous scanning. This model was 
described on page 301. 

3. Sequential (single item) scanning. Here 
the target number presented is supposed to 
be compared one by one in turn with the 
numbers stored in the memory. 


* Report on Contract AF 33(616)-6096, Part IT. 
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TABLE II 








Class: ey cars 4 5 6 
Uncertainty: o 2. 2.8.3 





4. Simultaneous scanning. This model was 
described on page 301-302. 

In all cases, the numbers “stored in the 
memory” are only those from which the 
target numbers of the run in question are 
selected. 

Each of these models can be interpreted in 
two ways. We will refer to the two interpre- 
tations as an A-model and a B-model re- 
spectively. In an A-model, the uncertainty 
of the stimulus or the analogous measure, 
e.g., the expected number of scannings re- 
quired, is obtained from the number of 
target numbers used in the corresponding 
run. Thus, in the logarithmic model, the 
successive uncertainties are the logarithms 
to the base 2 of the first six integers. In the 
B-models, however, an additional decision 
must be taken into account, namely the 
decision to go right or left on the first move, 
given that a particular target number ap- 
pears. We shall call this extra decision the 
action decision.‘ 

We have, accordingly, different measures 
of uncertainty (or of its analogue) for each 
class of runs, depending on the model and 
on the variant of the model used. For ex- 
ample, the B-variant of the logarithmic 
model gives the uncertainties for the six 
classes as shown in Table II. Here one bit 
was added to each class, except to Class 1, 
because in the latter no decision as to 
whether to go right or left is required. 

Remarks. Strictly speaking, the right-left 
decision contains at most one bit of un- 
certainty. For example, in a Class 3 run, 
there will be in general two movements in 
one direction vs. one in the other. This bias 
reduces the formal uncertainty of the action 
decision to 0.91 bits. However, a more 
refined analysis is not justified without 
taking into account complicated statistical 
considerations, such as the fact that the 
completion of the first move is paced by the 


‘Arguments for and against B-type models 
derived from our results and from other pertinent 
experiments will be taken up in the Discussion. 





TABLE III 
THE THEORETICAL UNCERTAINTY MEASURES 
ASSOCIATED WITH Eacu Ciass or Runs, as 
DERIVED FROM EIGHT DIFFERENT MODELS 

















Generalized uncertainty measure 
Model Class 
Wks OS See ee eee 
1A 0 1.00 | 1.59 | 2.00 | 2.31 | 2.59 
1B 0 2.00 | 2.59 | 3.00 | 3.31 | 3.59 
2A 0 1.00 | 1.67 | 2.00 | 2.40 | 2.67 
2B 0 2.00 | 2.67 |. 3.00 | 3.40 | 3.67 
3A 1.00 | 1.50 | 2.00 | 2.50 | 3.00 | 3.50 
3B 2.00 | 3.00 | 3.50 | 4.00 | 4.50 | 5.00 
4A 1.00 | 1.50 | 1.83 | 2.08 | 2.28 | 2.45 
4B 2.00 | 3.00 | 3.33 | 3.58 | 3.78 | 3.95 




















slower of two subjects, etc. Moreover, to 
calculate the deviations from maximum 
uncertainties in all classes of response would 
be an extremely tedious task (involving the 
examination of all the actual target numbers 
used in each run), probably unjustified by 
the degree of accuracy of the experiment. 
Since we did not at this time go into these 
details, we felt that the rough measure of 
one unit of uncertainty, however measured, 
for the right-left action decision was justified 
especially since the uncertainty of the 
action decision was somewhat reduced in 
all classes of response except Class 6.5 
Continuing in this fashion, we obtain 
analogous uncertainty measures computed 
from the assumptions underlying all the 
proposed models. The uncertainty values in 
models 1 and 2 have been explained. In 
Class 2, the number of comparisons is with 
equal probability one or two, depending on 
whether the first one yields a “yes” or a 
“‘no.”’ Hence the measure of uncertainty of 
Class 2 stimuli is 44 X 1+ 146 X 2 = 
The remaining values are obtained simi- 
larly. In model 3B, a single comparison (the 
action decision) is added to Class 1 stimuli 
and the expected 34 comparisons to all the 
others. In model 4A, the successive values 
are obtained from equation (6). In model 
4B, a unit decision is added to Class 1 and 
> in1 1/i = 34 unit decisions to all others. 
Still other equally plausible models can 


5 See, however, the one refinement which we 
did introduce (page 313). 
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be constructed, one of which will be men- 
tioned in the Discussion. But we shall 
confine ourselves for the present to the 
eight variants described. The theoretical 
results are summarized in Table ITI. 


REACTION TIME MEANS: RESULTS 


The grand means of the reaction times, 
tabulated against the classes of runs, are 
shown in Table IV. 

Our first test will be a simple goodness 
of fit test for each of the several models, 
To each model there corresponds a dis- 
tribution of the six abscissa _ points 
z(t = 1, 2,---6), shown in Table III. 
Our data (Table IV) are the y,;. By the 
least square method, we find the best fitting 
straight line that goes through the points 
(x; , yi) for each of the eight models. The 
sum of the squared deviations will give us 
the relative ‘‘badness” of fit of each model 
in turn. The results are shown in Table V. 

Ranged in the order of relative goodness 
of fit according to this criterion, the models 
rank as listed in Table VI. 


TABLE IV 








5 6 


9. 95 10.41)10.59 
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Class of Run 





Mean reaction time 7.57 9.159.54 
(in sixths of sec- | | 


onds) 


N¢ 8793 8739 8627 8528) | 8366) 








We now apply another criterion. Note that 
in fitting our (rectified) theoretical curves 
to the data we determine two parameters, 
namely, the ‘peripheral reaction time,’’ i.e., 
that part of the overall reaction time which 
is independent of the uncertainty, and the 


reaction time per unit decision (or unit~ 


scanning time). The inverse of this latter 

parameter is the generalized ‘channel 

capacity,”’ which we have denoted by k. 

Note that k can be determined in any model 

by any pair of y’s. For example, in model 
4B, we have 

2/k +G= n= 7.57 

3/k + G = y = 9.15, 

6 N denotes the number of correct responses of 


not more than four seconds duration. All others 
were ignored. For justification see Discussion. 


(9) 
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TABLE V 


CoMPARISON OF OBSERVED AND PREDICTED 
VALUES OF THE REACTION TIMES IN Eacu OF 
THE ProposepD E1cHtT MopeEts or DEcIsION 














































































































SEQUENCES 
: Model 1A | Model 1B 
x ly obsly calc x ly obsly calc 
Class 1....... 0.00| 7.57| 7.73} |0.00| 7.57| 7.51 
ee 1.00] 9.15] 8.87} |2.00] 9.15] 9.19 
mas. ...... 1.59] 9.54] 9.54] [2.59] 9.54) 9.68 
Clase 4....... 2.00] 9.95|10.01| {3.00} 9.95/10.02 
Class 5....... 2.31/10.41/10.37|  |3.31/10.41/10.28 
—-_6....... 2.59/10.59/10.69| |3.59110.59/10.52 
-[Ea? = 0.1192 | [Pat = 0.0515 
Model 2A | | Model 2B 
Class1....... 0.00| 7.57| 7.74} |0.00| 7.57] 7.52 
Class2....... 1.00] 9.15} 8.85! |2.00| 9.15] 9.16 
Class 3....... 1.67] 9.54] 9.59, |2.67| 9.54] 9.71 
Class 4....... 2.00! 9.95| 9.95 3.00] 9.95] 9.98 
aes....... 2.40/10.41/10.39|  |3.40/10.41/10.31 
Class 6....... 2.67|10.59|10.69| |3.67/10.59/10.53 
DA? = 0.1318 | (LA? = 0.0460 
Model 3A | Model 3B 
| 
Class 1....... 1.00] 7.57} 8.16) |2.00| 7.57| 7.81 
Class 2........ 1.50] 9.15] 8.70) |3.00| 9.15] 8.84 
Clase 3....... 2.00] 9.54] 9.26 3.50] 9.54] 9.35 
Class 4....... 2.50! 9.95| 9.81! |4.00] 9.95] 9.87 
Class 5 |3.00/10.41110.36| |4.50/10.41/10.38 
Class 6....... 3.50/10.59/10.91| |5.00/10.59/10.90 
| 
Da? = 0.7535 | Dat = 0.2932 
Model 4A | | Model 4B 
Class 1....... 1.00| 7.57| 7.81) |2.00| 7.57] 7.56 
Class 2....... 1.50] 9.15] 8.82) |3.00| 9.15] 9.11 
Class 3....... 1.83] 9.54] 9.48) 3.33] 9.54] 9.62 
Class 4....... 2.08| 9.95) 9.98) 3.58] 9.95)10.01 
Class 5....... 2.28/10.41/10.39| |3.78]10.41|10.32 
Class 6....... 2.45/10.59 10.73 3.95 10.59/10.58 
ied 
Da? = 0.1910; | S%= 0.0199 











where G is the peripheral reaction time. 
Solving for k gives k = 0.63. But k can be so 
obtained from any of the fifteen pairs of y; . 
If all the values of k so obtained were equal, 
the model would fit the data perfectly. 
Therefore the dispersion of the 15 k’s so 
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TABLE VI 
Model > 
4B .0199 
2B .0460 
1B .0515 
1A 1192 
2A 1318 
4A 1910 
3B 2932 
3A 7446 





obtained gives another measure of the 
“badness of fit”? of the model so tested. 
Taking the variance as a reasonable measure 
of dispersion, we obtain another comparison 
among our eight models. The results are 
shown in Table VII. 


REACTION TIME DISTRIBUTIONS: 
THEORY 


We pass to criteria based on the distribu- 
tions of the reaction times. On this basis, 
models 1A and 1B cannot be evaluated, 
because being purely “phenomenological,” 
these models do not assume any underlying 
stochastic events and thus do not lead to 
the derivation of distributions of the reac- 
tion times. We therefore confine our evalu- 
ation to the remaining six models. 

As stated above, we suppose in each case 
the unit decision is of duration +, where + 
is a random variable, whether it represents 
a recognition decision or an action decision. 
We shall always take for the frequency dis- 
tribution of + the exponential distribution 
f(r) = ke’, whose justification was given 
on page 301. The multiple decisions will be 
compounded of this one according to the 
assumptions inherent in each of the several 
models. The frequency distribution of the 
peripheral reaction time will always be 
denoted by g(r). No assumption will be 
made concerning the shape of this distribu- 
tion. Indeed the principal idea of our ap- 
proach, as is that of Christie and Luce 
(1956), is that the distribution of the periph- 
eral reaction time is always eliminated in 
the equations. Hence the theoretical results 
do not depend on the nature of that 
distribution. : 
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Consider model 4A. Reaction times of 
Class 1 are compounded of a single recog- 
nition decision and a peripheral reaction 
time. Therefore the frequency distribution 


TABLE VII 


Tue Entry 1N Eacu CELL (7, 7) REPRESENTS THE 
PARAMETER k;; OBTAINED BY SOLVING A PAIR 
oF Equations ANALOGOUS TO (9), INVOLVING 
yi AND y;. THE MopEts ARE RANKED IN THE 
ORDER OF INCREASING VARIANCE OF k. 
































































































































1A 1B 
24S E44 PSS Dl eSet e 6 
1 .63| .81] .84] .81] .86 1 |1.27/2.31}1.26]1.17/1.19 
2 1.51/1.25]1.04/1.51 2 1.51/1.25}1.04/1.51 
3 1.00} .83} .95| 3 1.00} .83} .95 
4 .67| .92 4 .67| .92 
5 1.56} 5 1.56 

2A 2B 
rte ae fe Pe > es ae Ee gi A 
1 63| .84] .84 ‘ 1 {1.27/1.36 1.20]1.2 
2 1.72|1.25]1.11]1.16] 2 1.72)1.25]1.11/1.16 
3 80} .84) .9 3 84] .9 
4 86|1.05| 4 86/1.05 
5 1.50| 5 1.50 

3A 3B 
eee 1S 16 ree ee A hee? ae fe a er 
1 -32} .51| .63] .88] .83 1 63} .76| .84] .88] .99 
2 1.28]1.25]1.19]1.39; 2 1, 28}1.25}1.19}1.39 
3 1.22/1.14]1.43 3 1.22]1.14]1.43 
4 1.09/1.56 4 1.09/1.56 
5 aca. 6 2.78 

4A 4B 
24 3415S 16 213 fas (46 
1 .32| 42) .45| .45] .48 1 .63| .68} .66] .63| .65 
2 .85| .73| .62| .66) 2 85| .73] .62| .66 
3 61| .52| 59} 3 .61| .52| .59 
4 43] .68; 4 43] .58 
5 94) 5 .94 

! 

| 2 

Model | ¢, 

4B | 014 

4A .026 

2B | . 056 

1B .062 

2A .075 

1A .090 

3B . 249 

3A .304 
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on Class 1 responses will be a convolution of 
the two frequency distributions mentioned: 


h(t) = [ f(t —r)g(r) dr = (10) 


The cumulated overt distribution will be 
given by 


= [ F(t — r)g(r) dr 


where, as above, F(t) = (f(r) dr. 
In accordance with the argument pre- 


ceding equation (3), the distributions of | 


other classes will be given by 
t 
H,(t) = i F’(t seit 7)g(r) dr, 
’ (12) 
(j = 1,2, --- 6) 


We now apply the Laplace transform to 
the H;(t), namely, consider the integrals 


L{H,(t)} = § H,(t)e “dt = L,(s) (13) | 


The L’s are functions of the single parameter 
s, since the variable ¢ of the H’s integrates 
out in the transform. It is shown in the 
theory of these integrals that the Laplace 
transform of a convolution of two distribu- 
tions is the product of the transforms of the 
respective distributions. Therefore, for the 
distributions derived from model 4A, we 
have the following result 


Li(s) _ L{F'(t)\L{g(t)} 
Lj(s) LA Fi(t) {Li g(t)} 


from which the L{g(t)} can be eliminated. 
It can be further shown’ that 


L{F"(t)} _ nk 








ro) nee |) 
and by iteration 
MeO) fst 


LF} jai gk + 8 


7Cf. Christie and Luce (1956). Our equation 
(15) is a direct consequence of their equation (22) 
through the well known iterative property of the 
gamma function: 


T (x + 1) = zl (z) for all z > 0. 


(14) | 
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But by equation (14), we can write 


Ls) _ mk 


L;(s) — m=xj¢ mk + 8’ (17) 





where the ratios on the left are obtainable 
directly from the data. Therefore equation 
(17) provides us with a test for model 4A 
applied to the distributions of the reaction 
times in each of the six classes. It is a rather 
severe test, because it involves the prediction 
not just of six points by an equation with 
two free parameters (as is the case with 
predicting the means of the reaction times) 
but a prediction of 15s points (e.g., 150 if 10 
values of s are taken in the Laplace trans- 
forms) by equations containing a single 
parameter k. Moreover, even this parameter 
is no longer free, since it can be calculated 
from the means. 

The other models lead to equations in- 
volving the Laplace transforms, analogous 
to equation (17). But of course each model 
leads to a different form of this equation. The 
calculations are straightforward but tedious 
and so are omitted. The theoretical results 
are given in Table VII. Note that only five 
of the ratios need be given: the other ten 
can be calculated from the identities 

L; _ Li/Ly 


L, Sie L; ‘Ty (18) 

It remains to establish some method for 
estimating k. One estimate is the inverse of 
the slope of the regression line given for each 
of the models in Table IV. Another is an 
average of the solutions of the fifteen pairs 
of equations of the type given by (9). In 
view of the fairly good straight line fits ob- 
served in all the models, the two estimates 
thus obtained will not differ significantly. 
We shall use the second method. 

To fit all 150 points with a single value of 
k would, of course, put each model to the 
most severe test. Good agreement between 
observed and calculated values would there- 
fore be a strong corroboration of the model 
in question. However we are dealing with 
several models, several of which may give 
fair agreements. Without appropriate sta- 
tistical analysis, which would be quite 
difficult, and perhaps not entirely justifiable, 
in view of the comparative roughness of the 


Stupy oF DissguncTIvE REACTION TIMES 





309 


data, it would be difficult to decide among 
the several models, no matter what tests 
were applied. Therefore, we have resorted to 
several rather rough analyses, each of which 
establishes. an ordering of the models with 
respect to the resulting goodness of fit. If 
the several orderings are consistent in some 
respect, we can draw appropriate con- 
clusions. 


REACTION TIME DISTRIBUTIONS: 
RESULTS 


We have already seen that our model 4B 
gave the best result on two criteria. We now 
apply a third, namely the fitting of all the 
150 points L,(s)/L;(s)(i ¥ J; i, j, = 1, 2, 
--+ 6; 8s = 0.1,0.2, --- 1.0) for each of the 
models. These 150 points lie on 15 different 
curves, of which five are independent. The k is 
to be computed independently from the mean 
reaction times. The test, therefore, is an 
attempt to fit five independent curves con- 
taining ten points each without free pa- 
rameters. This is the most severe test applied 
in our investigation. (Comparisons of theory 
and observation are shown in Figure 3.) 
This method gives the ordering of the models 
shown in Table VIII, again based on in- 
creasing sums of square discrepancies. This 
time 2B “noses out” 4B, but only in the 
fourth decimal place. 

When we apply the specific k,; obtained 
from solving each pair of equations analogous 
to (9), we obtain the ordering listed in Table 
IX. Here model 4B regains its first rank, 
while 2B drops to third place. 

N.B. In this and in the subsequent test the 
task of predicting the mean reaction time is 
lifted from each model, since the k;; , which 
are calculated separately from each pair of 
observed means, are plugged in. Thus each 
model is left only with the task of predicting 
the distributions of the reaction times around 
a given mean. Note that in this task, too, 
model 3 turns out the worst (in both its 
variants); model 4 turns out better than 
model 2 in this and in the last test, which 
also concerns only distributions. 

Finally, we apply the “mildest” test of all, 
namely we obtain each k;; by fitting the 
curves L,(s)/L;(s) to’ the corresponding 


-empirical curves separately for each pair 


(i, 7). Here, of course, all the fits should be 
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better, since only ten points are to be fitted 
for each pair (7, 7) with a free parameter. The 
reduction in discrepancy can be seen in the 
following table. But our interest is in the 


comparative accuracy of the six models. This | 


method gives results shown in Table X. 

Model 4B is still the best. Model 4A is 
second. We thus have additional evidence of 
the superiority of model 4 for predicting the 
distributions of the reaction times, which 
superiority is masked in the case of model 
4A, wherever the advantage of B-type model 
comes into play, that is, whenever the k’s, 
calculated independently, are plugged in as 
parameters. 

Summarizing, we have the “average 
ranks” for the eight models compared 
(Table XI). 

The ranks of models 1A and 1B are based 
on only two criteria; those of the remaining 
models on five. 


DISCUSSION 


Let us first look at the most consistent 
result, namely that according to all five 
criteria, each B-model makes better pre- 
dictions than the corresponding A-model. 
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Fia. 3. (continued on next page.) 














F1 
a sin 
L2/L 
in th 





CoQ tf eee CD @ on ose ae YS." 

















Strupy or DisyuNcTIVE REACTION TIMES 


'S/L, 


800 


700 


600 





100 








Siz2s4s5s67 BIW 


311 


6/L 
900 
800 
700 
600 
500 
400 
300 a 


.200 


2B7> -4B 


100 








Sil123456 78 9 10 


Fic. 3. The most severe test applied to Models 2B, 3B, and 4B: fitting five independent curves with 
a single parameter calculated in advance. Models 4B and 2B are very close, and, except for the curve 
L2/L, , both give good predictions. Model 4B is slightly but consistently better than 2B again except 
in the case of L2/L, . Model 3B is bad throughout. All deviations are consistent. 


Recall that the B-model is obtained from the 
A-model by adding an additional dichoto- 
mous decision—the “action decision” to 
move right or left. Formally speaking, this is 
the only disjunctive action decision to be 
made, since the subsequent action decisions 
are governed by unambiguous signals such 
as extinguished lights or, in the case of the 
OFF condition, the cadence commands of a 
group member. The uncertainty of that first 
action decision, when added to the total un- 
certainty of the stimulus, gives an improved 
fit on all counts. That the B-model is not 
entirely ad hoc, (as might be argued by 
pointing out that the additional ‘‘uncer- 
tainty” only serves to close the bigger gap 
between the class 1 and class 2 responses), 
appears from the fact that the B-models are 
consistently better also in predicting the 
separate distributions, i.e., when the inter- 
vals between the reaction time means is of no 
consequence. 

This result has a bearing on a question 


that has been raised concerning the role that 
the uncertainty of the stimulus plays in 
determining the length of the reaction time. 
Put naively, the question might be this: Is 
processing time used up primarily in recog- 
nizing the stimulus or primarily in channel- 
ing the appropriate response? Our result 
seems to indicate that the answer is “both”; 
in fact the processing time per unit of un- 
certainty in the stimulus itself and in the 
action decision seems to be the same. 

Still some experiments are not to be dis- 
counted, which place all of the processing 
time in the recognition of the stimulus.’ On 


8 The following appears among the observations 
listed as ‘incidental’ in Crossman (1953): 

‘‘A task in which two perceptual degrees of 
freedom were crossed, i.e., red pictures with 
black plain/black pictures with red plain [in 
a playing card sorting task] took a time corre- 
sponding to four classes; not to two, even after 
long practice. This may be regarded as evidence 
that the important factor governing choice- 
time is number of perceptual choices, not num- 
ber of alternative responses.’’ 
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Model 4 
2B 1.058 
4B 1.059 
2A 1.859 
4A 2.044 
3B 3.088 
3A 5.297 

TABLE IX 

Model 4 
4B 0.6357 
4A 0.7361 
2B 0.7632 
2A 0.9070 
3B 1.8267 
3A 2.7822 

TABLE X 

Model >>? 
4B 0.0503 
4A 0.0661 
2B 0.1177 
2A 0.1481 
3B 0.7353 
3A 1.3458 

TABLE XI 

Model Average Rank 
4B 1.2 
2B 2.2 
4A 3.2 
1B 3.5 
2A 4.2 
1A 5.0 
3B 5.8 
3A 6.8 





the other hand, arguments have been ad- 
vanced that sometimes the entire uncer- 
tainty must be attributed to the uncertainty 
of the overt response.° 


® T have heard such arguments in conversation 
with various workers in this field. In particular 
some such conclusion seems warranted in view of 
a certain interpretation of the results obtained 
by J. A. Leonard (1958) when compared with anal- 
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From our data, we can cull all those 
instances where the responses of the two 
group members who make the first action 
decision are identical for both stimuli in a 
Class 2 run. For example, note from Figure 2 
that in a Class 2 response where the choice is 
between “1”? and “‘4”, A and C must make 
the same action decision to both stimuli. 
Similarly, this is the case for A and B in 
“2” vs. “3” and for B and C in “5” vs. “6”, 
If recognition and action decisions are 
indeed additive, then the reaction time in 
these situations must be equivalent to the 
reaction time to two alternatives rather than 
to four, which is the case if action decisions 
are taken into account. 





ogous results (as yet unpublished) obtained by 
S. Kornblum. 

Interesting data relevant to our B-models ap- 
pear in a recent paper by P. M. A. Rabbitt (1959). 
In a card sorting experiment, Rabbitt varied 
independently the number of piles into which the 
cards were to be sorted and the number of classes 
of cards to go with each pile. He gets a family of 
curves in which average decision time is plotted 
against number of classes per pile, and the num- 


' ber of piles is the parameter. 


We have lumped Rabbitt’s data together to see 
if all the points would fit a simple theoretical curve 
in which the information-theoretical uncertainty 
per card is calculated according to our B-model, 
that is, considering a recognition decision followed 
by an action decision. The result appeared at first 
as an entirely scattered diagram. However a closer 
inspection showed that all points except four fit 
very well along‘two curves, namely one calculated 
from the B-model and one from the A-model. 
Moreover, the points which fell on the A-model 
curve were all those and only those in which there 
was only one class per pile. Three of the remaining 
four discrepancies are easily accountable by the 
fact that although there were several classes per 
pile (in two piles) there was an easily identifiable 
clue: the two piles were to contain ‘‘numbers” 
and “‘letters’’ respectively. Thus the several 
“‘classes’”’ can be easily collapsed into two. 

An intriguing question, therefore, is the fol- 
lowing: does the B-model give way to the A-model 
when the mapping of recognitions onto decisions 
is one-to-one? This seems quite plausible, since a 
one-to-one mapping may collapse the recognition 
and the action choice into a single decision. Un- 
fortunately this modification of the B-model 
cannot be made to fit our data. Our data require 
the B-model throughout. The question remains 
open, but at this stage the design of a crucial ex- 
periment seems possible. 
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The average reaction time in this situation 
turns out to be 8.8, which is about half way 
between the over-all observed average and 
the value predicted on the basis of recog- 
nition uncertainty alone. On the other hand, 
if recognition uncertainty alone were taken 
into account, then the A-models should have 
given better predictions than the B-models, 
contrary to our findings. This result, there- 
fore, provides additional though not con- 
clusive evidence for the additivity of the two 
kinds of uncertainties. 

One suspects, however, that the problem 
is vastly complicated by the necessity of 
taking into account the coding which effects 
the classifications, according to which the 
uncertainties of both recognition and re- 
sponse are manifested. One would venture to 
guess, for example, that the processing time 
involved in sorting a deck of cards into two 
piles (diamonds, hearts) vs. (spades, clubs) 
would be considerably smaller than that 
involved in sorting into two piles (diamonds, 
spades) vs. (hearts, clubs). In the first case, 
red and black provide a ready classification, 
but no such classification cue is present in the 
second case. 

The question of the role of coding and 
facility of classification in determining the 
uncertainties actually operating in any given 
situation remains open. 

Next let us look at our other result: the 
apparent superiority of model 4. This model 
is based on the assumption of simultaneous 
scanning as against dichotomous scanning 
(model 2, the other serious contender) and 
against linear scanning (model 3). The last 
mentioned model comes out worst on all 
counts. Even the B-variant of that model is 
surpassed by the A-variant of the others, 
again on all counts. However, models 4 and 
2 are rather close throughout, and on one 
occasion 4B and 2B ‘“‘tie” for first place. On 
the whole, however, 4B deserves more 
credence on the basis of our analysis. 

The implication of model 4 is that with 
the increase of the number of alternatives, 
more “channels” are opened up. If there 
were no statistical fluctuations in the 
processing time in each channel, then the 
reaction time would be independent of the 
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number of alternatives. The fact that re- 
action time does increase monotonically and 
approximately logarithmically with the num- 
ber of alternatives is related to the presence 
of the statistical fluctuations and to our as- 
sumption that “all the returns must be in” 
before the action decision is made. 

We therefore asked what could be deduced 
if we assumed separate channels for the 
action decision alternatives, in parallel with 
the recognition decisions, that is to say, if 
we took the extreme version of model 4. This 
led to model 4B’. Here the number of alter- 
natives in the six classes of response re- 
spectively is 2, 4, 5, 6, 7, and 8. 

Besides providing an opportunity for 
pushing model 4 to the extreme, this model 
is theoretically attractive for still another 
reason. In this model we are also in a po- 
sition to bring in the refinement. of taking 
into account the fact that the slower of the 
two subjects determines the variable com- 
ponent of the total reaction time (cf. page 
306, footnote 5). This is done by simply 
multiplying the numbers of alternatives 
(since they are all in parallel now) by 2. Ac- 
cordingly, we have for the effective numbers 
of alternatives 4, 8, 10, 12, 14, and 16. The 
corresponding x’s are then computed by 
formula (6). The results are shown in Table 
XII, which is to be added to the corre- 
sponding data exhibited in Table V. 

We see that by the criterion of fitting a 
regression line to the mean reaction times, 
model 4B’ is not quite as good as model 4B 
but better than model 2B. Further, by the 
criterion of the variance of k, model 4B’ 
falls between 4A and 2B (of = 0.050). By 
the criterion of fitting L,(s)/L(j) with a 
single k, 4B’ falls between 4B and 2A 


TABLE XII 














Class x y obs y cale 
1 2.08 7.57 7.60 
2 2:42 9.15 9.08 
3 2.93 9.54 9.57 
4 3.11 9.95 10.03 
5 3.26 10.41 10.33 
6 3.39 10.59 10.63 

DA? = 0.0211 
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TABLE XIII 











Model Average Rank 
4B 1.4 
4B’ 2.4 
2B 3.0 
4A 4.0 
1B 4.5 
2A 5.2 
1A 6.0 
3B 6 8 
3A 7.8 





(>-a’ = 1.133). By the criterion of fitting 
the same points with separate k;; , obtained 
from the mean reaction times, 4B’ falls 
between 4B and 4A (>.A’ = 0.7116). 
Finally, by the criterion of fitting these 
same points by k,; obtained from the em- 
pirical curves, 4B’ surpasses 4B, but only in 
the fourth decimal ()A” = 0.0503). 

Combining these results, we have the 
rank order shown in Table XIII, now in- 
cluding model 4B’. 

Possibly what “helps” model 4B’ is the 
taking into account of the fact that the first 
decision is made by two subjects in parallel. 
Still, model 4B’ does not surpass model 4B. 
The tentative conclusion is that the model 
which pictures the recognition scanning in 
parallel and puts the scanning in series with 
the action decision is the best description of 
the process of those we have considered. 

One could, in principle, test this conclusion 
further by constructing a model of the type 
4B with the additional refinement of taking 
the parallel decision of the two subjects into 
account. However, this model would be an 
extremely messy one mathematically, and it 
was felt that the accuracy level of the data 
would not warrant further refinement. 

For the same reason the refinement of 
taking errors into account was not intro- 
duced. As shown in Table IV, the number of 
errors does increase but quite slowly with 
the number of alternatives. Moreover, the 
number of errors recorded is partly an 
artifact introduced by arbitrarily discarding 
all the reaction times greater than four 
seconds. The correction, if it were intro- 
duced, would be of the same magnitude as 
the correction on the basis of the frequency 


bias of “left” vs. ‘“‘right”’ for all classes except 
Class 1 and Class 6. This correction was also 
omitted. It was felt that rather than at- 
tempting to refine the theory on the basis of 
the present data, we should proceed to other 
experiments, each designed to seek an 
answer to the various questions separately, 
with the view of avoiding the discrepancies 
due to. other effects. In particular, four im- 
portant questions should be considered 
separately : 

1. Does the simultaneous scanning model 
indeed give better predictions than some others? 
Here the number of action decisions should 
be the same as the number of recognition 
decisions, as in the case of most disjunctive 
time experiments. The number of alterna- 
tives should be powers of 2, to induce the 
“cleanest” dichotomous model to be com- 
pared with the simultaneous scanning model. 
The weight of emphasis should be on com- 
paring the distributions on the basis of the 
Laplace Transform technique described here 
and elsewhere (Christie and Luce, 1956). 

2. How do recognition and action decisions 
add? Here it will be useful to have several 
stimuli “map” upon a single action decision. 
Indeed the stimulus-decision ratio should be 
the principal independent variable. 

3. Can such models be extended to account 
for the results obtained from runs with biased 
frequencies? We have so far not been success- 
ful in constructing any such plausible ex- 
tension. We did consider the simple-minded 
explanation, namely that reaction time is 
proportional to the negative logarithm of the 
absolute frequency with which the stimulus is 
presented. This model leads naturally to the 
average reaction time as a linear function of 
the Shannon uncertainty. Hyman’s results 
give some support to this hypothesis if one 
corrects his reaction times to the separate 
stimuli of unequal frequencies by taking the 
constant component of the reaction time into 
account. The model can be made plausible 
on the basis of some postulated conditioning 
mechanism. 

However our results make this explanation 
inadmissible. In the SLOW condition the 
absolute frequency of, say, Class 2 run 
stimuli is smaller than that of Class 4 run 
stimuli in the FAST condition. But the 
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reaction times, when compared, are seen to 
depend definitely on the number of alterna- 
tive stimuli, not on their absolute frequency 
in the range considered. 

The problem of generalizing the models 
proposed here to account for the approxi- 
mate linearity of reaction time with un- 
certainty under conditions other than equal 
frequencies of the stimuli remains open. 

4, Are there secular trends attributable to 
learning? For example, is it conceivable that 
in the early stages of a long run, the dichoto- 
mous model accounts more accurately for the 
results, but as learning progresses, more 
“channels” are opened up, so that in the 
later stages, the simultaneous scanning 
model is the more appropriate? Also is there 
a limit on how many alternatives can be 
simultaneously scanned, so that as n in- 
creases (say beyond 8) the dichotomous 
model again begins to gain ground? 

Some secular trends have been observed 
in the experiment here described, when the 
data pertaining to different time phases of 
the experiment (which took five hours for 
each of our 24 groups) were analyzed sepa- 
rately. In the context of the present theory, 
these changes were attributed to the change 
in magnitude of the supposed neurological 
constant k. But, of course, other interpreta- 
tions are equally plausible. To decide be- 
tween the various interpretations, separate 
experiments should be designed for each 
specific purpose.’° 

We found also that our data were con- 
taminated by one other clearly discernible 
secular trend, namely the progressive re- 
duction in the reaction time within each run 
(35 reaction times) for Classes 1 and 2, but 
not discernibly for the other classes. The 
reason is fairly obvious. The subjects were 
not told at the beginning of each run how 
many alternatives there were. Supposedly 
they learned the number of alternatives by 


In this connection, see also the study by G. 
H. Mowbray and M. V. Rhoades (1959), in which 
the reaction times to stimuli of unequal uncer- 
tainty become equal after long practice. 


experience on that run, i.e., only after 
several stimulus presentations. This, of 
course, is an unnecessary complication, in 
view of the goals of the experiment. But at 
the time the experiment was designed it was 
felt that the cards should be stacked against 
the result expected: instead of fixing the set 
at the beginning of each run, we wished the 
set to emerge from the situation itself. That 
it did, as the results show, but the results 
may not be as clear as they could be. 

Another source of contamination was the 
fact that all runs of a given class were 
isomorphic. That is, the sequence of one run 
was determined by drawing from a table of 
random numbers, but all the other runs of 
that class were obtained by simply sub- 
stituting other target numbers, running in 
the same sequence. Here learning might have 
entered as an unnecessary complication. 

It should, therefore, be reiterated that the 
design of the experiment was not well fitted 
to the questions investigated. Whatever 
value the present investigation has, much 
of it is related to lessons learned for future 
designs of similar experiments. 
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If in a group of people every one loves his friends’ friends and also his 
enemies’ enemies and hates his friends’ enemies and his enemies’ friends, 
the “signed graph” representing the network of relations will be balanced. 
The degree of balance of a graph, then, provides a sociometric index which 
may be of importance in constructing theories of group structure and be- 
havior. There are several ways of defining the degree of balance, and the 
group has several ways of altering this index, for example by reversing exist- 
ing relationships, by deleting them, or by expelling members. There may be 
tendencies other than toward balance operating in a group, and these may 
be opposed to each other. This paper continues the exploration of the mathe- 
matical properties of signed graphs with special reference to specific as- 


sumptions about the evolution of human groups. 


ON THE MEASUREMENT OF STRUCTURAL BALANCE' 


by Frank Harary 
The University of Michigan 


INTRODUCTION 


E propose three indices for “struc- 

tural balance” in a group in which 
both “‘positive” and “negative” relationships 
between pairs of entities (e.g., persons) may 
occur, and investigate their logical ramifica- 
tions. The concept of structural balance, as 
formulated by Cartwright and Harary 
(1956), serves to generalize the work of 
Heider (1946). There is more than one way 
to quantify the “amount of balance” in a 
group which is not completely balanced. 
One possible index, proposed in the article 
by Cartwright and Harary (1956), is based 
on the relative proportion of positive and 
negative ‘“‘cycles.”” However, in addition to 
this, there are two other indices, ‘‘lines” and 
“points,” which are appropriate for the 
measurement of structural balance. As 
developed below, we shall see that these cor- 
respond essentially to the number of in- 
terpersonal bonds and the number of individ- 


This article was written at the Research 
Center for Group Dynamics of the University of 
Michigan in 1956-57, the Communications Social 
Science Research Department of Bell Telephone 
Laboratories in 1957-58, and at Princeton Uni- 
versity and The Institute for Advanced Study in 
1958-59. 

The author is grateful to Professors D. Cart- 
wright, R. Crutchfield, J. Marschak and A. Rapo- 
port for giving him the benefit of many helpful 
comments. 


uals which must be removed from a group 
in order to attain balance. In the next three 
sections, we shall develop some of the theo- 
retical properties of these indices, which are 
based on cycles, lines, and points of a 
structure. 

These various indices for balance raise 
some unsolved empirical and theoretical 
problems concerning group relations. A par- 
ticular group (with regard to a specified 
binary relation) may undertake an attempt 
to achieve structural balance in one way, 
perhaps by deleting certain interpersonal 
bonds, while another group may react by 
the expulsion of one of; its members. To 
formalize the nature of these problems, we 
propose several reasonable tendencies for 
group behavior, and discuss their interrela- 
tions. 

In order to treat these ideas with pre- 
cision, some definitions from the mathe- 
matical theory of graphs are required. Ex- 
positions of the theory of graphs, directed 
graphs, and signed graphs may be found in 
articles by Harary and Norman (1953), 
Harary, Norman and Cartwright (in press), 
and Cartwright and Harary (1956). In a 
previous article on structural duality (Har- 
ary, 1957), the same concepts from the 
theory of graphs which are required here are 
utilized. Although an introductory develop- 
ment of the basic concepts of graph theory 
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has been given in each of the papers cited 
above, it is included here for the sake of 
completeness. 

A graph is a finite collection of elements, 
called points, together with a_ prescribed 
set of lines joining certain pairs of distinct 
points. A signed graph or a structure is ob- 
tained from a graph when some of its lines 
are regarded as positive and the remaining 
lines as negative. Let a, b, c--- be the 
points of a graph and let the lines be denoted 
by ab, cd, etc. A path joining the points a 
and e is a collection of lines of the form ab, 
be, --- de where the points a, b, c, --- , d, e 
are distinct. A cycle is obtained when the 
line ea is added to the above path. In a 
signed graph, the sign of a cycle is the product 
of the signs of its lines. Thus a cycle is 
positive if and only if it has an even number 
of negative lines. A signed graph is bal- 
anced if all its cycles are positive. The prob- 
lem of devising a suitable measure of the 
amount of balance which is present in a 
structure not completely balanced has al- 
ready been discussed in the paper by Cart- 
wright and Harary (1956). 

The following discussion of empirical prob- 
lems is intended to be stimulating rather than 
definitive. Three tendencies are postulated: 
toward balance, toward completeness, and 
toward positivity. 

The tendency toward balance is the prin- 
cipal thesis introduced by Heider (1946) and 
subsequently investigated by Newcomb 
(1953), Cartwright and Harary (1956), and 
(in an experimental setting) by Morrissette 
(1957). A related tendency, called the ‘‘tend- 
ency toward clustering,” has been studied 
by Cartwright and Harary (in press); there, 
tendencies toward balance and toward clus- 
tering are regarded as postulates from which 
are derived Freud’s assertions in his classi- 
cal paper ‘Instincts and Their Vicissitudes.”’ 

“Tendency toward balance’”’ provides the 
motivation for the mathematical considera- 
tions in the remaining sections. For in order 
to make precise the idea of attempting to 
attain balance, ways are required to compare 
two groups, or alternatively, the same group 
at different times, with regard to the 
“amount of balance” each group has. 

Tendency B (Tendency Toward Balance.) 


A group structure will endeavor to attain bal- 
ance with regard to any intrinsically positive 
relation. 

It is important to include the words “in- 
trinsically positive” in the statement of the 
above tendency for (as mentioned in the 
article on structural duality [Harary, 1957]}) 
it is an arbitrary matter whether a pre- 
scribed relation is to be designated as posi- 
tive or negative. For example, for some 
people the relation of power would be re- 
garded as positive, while for others it might 
be considered as negative. Thus power need > 
not be regarded as an intrinsically positive 
relation. In addition to this distinction, there 
is also the concept of opposite or negation of 
a relation. Thus, the opposite relation to 
power is that of negative power. (See Cart- 
wright & Harary, 1956; Dahl, 1957; Harary, 
1957). The relation of negative power can 
often be-seen in the behavior of small chil- 
dren who frequently respond to an influence 
attempt by not only not obeying but by be- 
having in a manner as far opposite from the 
request as they can possibly conceive. Other 
examples can be supplied ad infinitum. By 
an intrinsically positive relation, we mean one 
which will be generally regarded in our cul- 
ture as positive, e.g., liking, loving, helping, 
soothing, communicating facts, etc. The 
opposites of these relations which, in gen- 
eral, would be regarded as being intrin- 
sically negative, are disliking, hating, irri- 
tating, communicating deliberate lies, ete. 
(See Abelson and Rosenberg [1958] in which 
there is both an empirical and theoretical 
study of balance.) 

With this understanding of intrinsically 
positive relations, Tendency B appears plau- 
sible, particularly in the light of the discus- 
sion in the article by Cartwright and Harary 
(1956). To give a particular example, Tend- 
ency B is plausible because it implies that 
both the friend of your friend and the enemy 
of your enemy are your friends; similarly the 
enemy of your friend and the friend of your 
enemy are both your enemies. 

For the sake of completeness we include 
here the statement of the tendency toward 
clustering. It is closely related to Tendency 
B by means of the following mathematical 
theorem. 
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Theorem (Structure Theorem for Balance). 
A structure is balanced if and only if its set of 
points can be partitioned into two disjoint 
subsets such that each positive line joins two 
points of the same subset and each negative line 
joins points from different subsets. 

Tendency C (Tendency Toward Cluster- 
ing). If a collection of entities, having a rela- 
tionship which is intrinsically positive, has 
achieved balance, and if, furthermore, one of 
these entities is able to relocate the remaining 
ones into subgroups, then the entities will 
tend to be realigned into two clusters in accord- 
ance with the structure theorem for balance. 

We next consider the tendency toward 
completeness. This idea may be illustrated 
by considering the behavior of a group of 
people at a gathering. If not all of the people 
are acquainted with each other, then there 
will usually be observed a marked tendency 
for each individual to become at least 
initially acquainted with each of the others, 
(see the essay on social gatherings in the 
book by C. N. Parkinson [1957]). We note 
that this is not at all analogous with the 
completeness of the corresponding geometric 
patterns of their graph, for a circle without 
its interior is complete in the sense of 
Gestalt psychology. On the other hand, if a 
group of say five people are acquainted 
with each other only cyclically (in the sense 
that ab, be, cd, de and ea are the only pairs 
already acquainted), then according to the 
tendency toward completeness, there will be 
pressures toward the formation of all pos- 
sible diagonal bonds. We note that nothing 
is asserted to the effect that all these di- 
agonals will be formed as positive relation- 
ships. In fact, the sign of the new relationship 
will be influenced by the signs which already 
exist and their particular pattern in the 
structure. It is interesting to compare this 
tendency with the study of pecking se- 
quences by Rapoport (1949). 

Tendency K (Tendency Toward Complete- 
ness). A group structure will tend toward com- 
pleteness, that is, if two entities are not yet 
interrelated in the structure, then a bond will 
tend to be induced to appear between them. 

The tendency toward positivity, while 
perhaps tenuous in its statement, may be 
seen in the real world in the interaction of 


people with each other every day. Thus, the 
phrase, ‘damning with faint praise,”’ appears 
to signify that a very weak positive line is 
used to politely indicate a definite negative 
line. Depending on local conventions, weak 
positive lines and no lines at all vie with 
each other as to which actually stands for 
the more negative indication. This phe- 
nomenon is also observed in sociometric 
testing when subjects, usually freshmen 
students, are asked to rate each other on 
what is called, by an abuse of the language, 
a “seven point continuum,” which may be 





pictured: 
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where the meaning of these integers is as 
follows: 
3 likes very much 
2 likes somewhat 
1 likes very little 
0 indifferent 
—1 dislikes very little 
—2 dislikes somewhat 
—3 dislikes very much 
It has been found that most subjects give 
non-negative evaluations of each other. 

Tendency P (Tendency Toward Positiv- 
ity). If a relationship is intrinsically positive, 
then any individual in a group will tend to 
show a marked preference to forming positive 
bonds rather than negative ones. 

We will now restrict the discussion to 
tendencies, B, K, and P. How do these 
three tendencies interact with each other? 
In other words, given an unbalanced group 
structure, how can one predict what the 
actual changes in the group will be? Will a 
certain line be deleted or will it be negated 
(changed in sign) when the resulting ‘‘in- 
crease in balance” for each procedure is 
equal? If the tendency toward completene:s 
is the most powerful one present, then o:e 
would suspect that the line would be negated 
rather than deleted. However, if the tend- 
ency toward positivity predominates, then 
it might be expected that the line will be 
deleted if it is positive and negated if it is 
negative. 

Given a choice of point deletion or line 
deletion, each of which achieves balance, 
which of the two alternative actions will a 
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group take? We would conjecture that 
usually the group would prefer to delete one 
of its bonds rather than expel one of its 
members. However, this would depend on 
the particular binary relation and the de- 
tailed structure of the group, and no such 
universal law appears likely. One can also 
ask a question concerning priority. If we 
admit that all these tendencies are present 
in a group, which one will activate the 
group first? Will the group first strive for 
balance and then tend toward completeness, 
or vice versa? 

There are many other applications of the 
theory of both signed and unsigned graphs 
relative to the social sciences. Some of these 
are included in another paper (Harary, 1959), 
where we study graph theoretic formulations 
of the organizational concepts of cliques, 
liaison persons, strengthening and weaking 
members of a group, redundancies, status 
and contrastatus, and a theory of social 
power. 

Since psychologists will not always be in- 
terested in pursuing the proofs of the follow- 
ing theorems and mathematicians can readily 
supply the proofs themselves, most tormal 
proofs are omitted and we usually give 
plausibility considerations. 


DEGREE OF BALANCE 


The degree of balance of a structure or 
signed graph is defined in an article by Cart- 
wright and Harary (1956) as the ratio of the 
number of positive cycles to the total number 
of cycles. Symbolically, let S be a structure, 
c+(S) be the number of positive cycles in S, 
and c(S) be the total number of cycles in S. 
Then the degree of balance A(S) is given by: 


c*(S) 


(1) a(s) = To 





We now develop a sequence of theorems 
concerning the degree of balance of a struc- 
ture. We first characterize structures whose 
degree of balance is zero. The maximum 
and minimum degree of balance of an un- 
balanced “block structure”’ is then investi- 
gated. The section concludes with an asymp- 
totic formula for the degree of balance of a 
“complete negative structure.” 

A structure is connected if there is a path 
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between every pair of points. By the removal 
of a point of a structure is meant the deletion 
of that point and also of all the lines on 
which the point lies. A cut point of a con- 
nected structure is one whose removal re- 
sults in a disconnected structure. For a dis- 
cussion of the correspondence between cut 
points and the liaison persons in a group, see 
articles by Harary (1959) and Harary and 
Norman (1953). A substructure is a subset of 
points and lines of a structure which is itself 
a structure. A block of a structure is a con- 
nected substructure which contains no cut 
points of itself. A block structure is one which 
consists of a single block. It is a well-known 
result in graph theory that every graph is 
uniquely decomposed into its blocks. 

In Figure 1, dashed lines are negative and 
solid lines positive. Here we have a structure 
containing four blocks; there are 9 cycles, 
and 7 of these are positive. Hence, the degree 
of balance of this structure is 7/9. It is clear 
from the definition of a block that each 
cycle of a structure has all of its lines in the 
same block. Let n be the number of blocks 
in a structure, c; be the number of cycles in 
the 7’th block and c? be the number of posi- 
tive cycles among these. 

Theorem 1. The degree of balance of a struc- 
ture in terms of the cycles in each of its blocks is: 


atat-- +64 
mo te oe 


Proof. Each cycle of a structure lies en- 
tirely in one of its blocks. 

Using this result one can characterize all 
structures in which the degree of balance is 
zero. For this purpose it is convenient to 
consider Husimi graphs (See Harary & 
Norman, 1953). A Husimi graph is a con- 
nected graph in which no line lies on more 
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than one cycle, i.e., each block is either a 
cycle or a single line. 

Theorem 2. If a block structure has more 
than one cycle, then it has at least one positive 
cycle. 

This is readily proved by mathematical 
induction. 

Theorem 3. A necessary and sufficient con- 
dition that the connected structure S have zero 
as its degree of balance is that S be a Husimi 
structure in which all cycles are negative and 
there is at least one cycle. 

In Figure 2, we show a Husimi structure 
whose degree of balance is zero. 

We first show the sufficiency of this condi- 
tion. If S is a Husimi graph with at least one 
cycle in which all cycles are negative, then 
in equation (2) every term of the numerator 
is 0 while each term of the denominator is 
either 0 or 1, and the denominator has at 
least one 1. 

We now indicate the necessity. By hy- 
pothesis, every cycle of S is negative. But by 
Theorem 2, there cannot be more than one 
cycle in the same block. Therefore, by defini- 
tion, S is a Husimi graph. 

We next set out to find the maximum and 
minimum degrees of balance which are pos- 
sible in a block structure, expressed in terms 
of an appropriate parameter which serves to 
describe the complexity of the block. This 
parameter is the index m defined for a con- 
nected graph as the number of lines minus 
the number of points plus 1. Symbolically if 
a connected graph has p points and q lines, 
then we have by definition: 


3) m=q-pt+l1 


Sometimes m is also called “the number of 
independent cycles” of a graph. We illustrate 
equation (3) with Figure 3. Here p = 5 
and q = 7, so that m = 3. The three tri- 
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angles in the graph of Figure 3 are bounded 
by “independent cycles.” 

We continue to restrict the discussion to 
structures which are blocks. Obviously, a bal- 
anced structure has 1| as its degree of balance. 
In order for the question of the maximal pos- 
sible degree of balance of a block to be mean- 
ingful, we must therefore consider unbal- 
anced blocks only. Let 8(m, max) be the 
maximum degree of balance in all unbalanced 
block structures of index m. Similarly let 
B(m, min) be the minimum degree of balance 
among all block structures of index m. The- 
orem 4. An upper bound to the minimum de- 
gree of balance of a block is given by the rela- 
tion: 


m—1 
(a -— 1) + 


This inequality may be written more con- 
cisely in the following equivalent form: 





(4) B(m, min) < 


, . m 
(4 ) B(m + I, min) < m +2" 


It is justified by exhibiting, for any positive 
integer m, a block of index m whose degree 
of balance is exactly the right-hand member 
of the above inequality. An example of such 
a block structure is shown in Figure 4 in 
which the index is 5, and the degree of bal- 
ance, 1/5, is equal to 4/(4 + 2*). A plus or 
minus sign is shown inside each region to 
indicate the sign of that cycle. Clearly, 
Figure 4 represents a structure type which 
can be generalized from m = 5 to any posi- 
tive integer. 

Corollary. The limiting value of B(m, min) 
as m approaches infinity is zero: 


(5) lim B(m, min) = 0. 

The inequality for maximal degree of bal- 
ance of a block with given index analogous 
to Theorem 4 follows. 
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Theorem 5. The following inequality gives a 
lower bound to the maximal possible degree of 
balance among all block structures with a 
given index: 


m—1 
m+1° 


This assertion may be verified by exhibit- 
ing a block structure of index m whose de- 





(6) B(m, max) 2 





Pe oui si 
gree of balance is Figure 5 shows 


m+l1 
such a structure for m = 5, and its degree 
5-1 





of balance is = = %. Clearly one can 


9) 1 
draw a corresponding block structure for 
any positive integer m. 











+ + +- 

















| 
+ 





Fia. 5 


Corollary. The limiting value of B(m, max) 
as m approaches infinity is 1: 
(7) lim B(m, max) = 1. 

mrna 

We state as a conjecture, which we have 
up to now neither been able to prove nor 
disprove, the assertion that the inequalities 
of Theorems 4 and 5 are in fact equalities. 

Conjecture. 


‘ m 
(8) B(m + 1, min) = m+ 2”? 
m—1 
(9) B(m, mac ) — ae 


A complete structure is one in which every 
pair of points is joined by a line. A complete 
negative structure is a complete structure in 
which all lines are negative. Let K, be a 
complete negative structure with n points. 
In Figure 6 we see an example of Kj. 
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Theorem 6. The asymptotic expression for 
the degree of balance of a complete negative 
structure 1s: 


(10) B(Ky) ~ (1 + (—1)"e™)/2. 


We omit the proof of this formula which 
is due to J. Riordan (unpublished). 


LINE INDEX FOR STRUCTURAL 
BALANCE 

In addition to the degree of balance, it is 
also possible, as well as empirically interest- 
ing, to measure balance in terms of the 
number of lines of a structure which must be 
changed in some way in order to achieve 
balance. Two of the most natural ways to 
change a line are to delete it from the struc- 
ture or to change its sign. The negation of a 
collection of lines in a structure is obtained 
on changing the sign of each of these lines. 

It is obvious that there is at least one col- 
lection of lines in any structure whose nega- 
tion results in balance, namely the set of all 
negative lines. We say that a collection of 
lines of a structure is negation-minimal if 
their negation results in balance but the 
negation of any proper subset does not 
yield balance. Among all the negation- 
minimal collections of lines of a structure, 
there is at least one in which the number of 
lines is least. We call such a collection of 
lines negation-minimum. 

In Figure 7 we have an example of a nega- 
tion-minimal set of lines which is not nega- 
tion-minimum, for all three negative lines of 
this complete structure form a negation- 
minimal set of lines. However, there are also 
sets containing two lines, such as ad and be, 
which are negation-minimum. The line-nega- 
tion index of a structure S is the number of 
lines in any negation-minimum set. Thus, 
the line-negation index of the structure of 
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Figure 7 is 2 since there is no single line 
whose negation resulvs in balance. 

In a similar fashion one can define a 
deletion-minimal set of lines and also a 
deletion-minimum set of lines. We then define 
the line-deletion index of a structure as the 
number of lines in any deletion-minimum 
set. The main result involving these con- 
cepts is that these two indices are equal. 

Theorem 7. Any deletion-minimal set of 
lines of a structure is a negation-minimal set of 
lines, and conversely. 

By mathematical induction, one can read- 
ily show that L is a deletion-minimal set of 
lines if and only if each line of Z lies in a 
negative cycle and every negative cycle of S 
contains an odd number of lines of L. This, 
however, is equivalent to L being a negation- 
minimal set. 

Corollary. The line-negation index of any 
structure is equal to its line-deletion index. 

Every deletion-minimum set of lines is 
necessarily a deletion-minimal set, and simi- 
larly for a negation-minimum set. There- 
fore, the line-negation index and the line- 
deleticn index of any structure must be 
equal. In view of this result, we define the 
line index of any structure as either its line- 
negation index, or its line-deletion index. 
Abelson and Rosenberg (1958), in their em- 
pirical study, utilized an index for balance 
which appears to be equivalent to the line 
index of a structure. 

Theorem 8. Given any deletion-minimal set 
of lines of a structure, balance is achieved 
when any subset of these lines is deleted and 
the remaining lines are negated. 

This result follows readily from Theorem 
7 when one observes that if L is a given nega- 
tion-minimal set of lines of the structure S 
and L, is any subset of L, thon L — Ly, isa 


negation-minimal set of lines of the struc- 
ture S — Ty ° 


A POINT INDEX FOR STRUCTURAL 
BALANCE 

If a group is inclined to achieve balance 
by changing its group structure, then we 
have already seen that this can be accom- 
plished by negating or deleting certain lines 
of the structure. The expulsion of a member 
from the group is also a realistic possibility 
and suggests the following definition. The 
point index for balance of a structure is the 
smallest number of points whose deletion 
results in balance. 

For example, the point index of any bal- 
anced structure is zero, and the point index 
of the structure in Figure 7 is 2; any two of 
the points will do. 

In Figure 8, we have a structure with five 
points and seven lines whose point index is 1, 
for the deletion of any of the points a, b, or e 
results in balance. Note that neither of the 
other two points has this property. The line 
index of this structure is also one, with 
either of the lines ab or ae constituting a 
minimum set. In general, of course, the line 
index and point index of a structure need 
not be equal. 

This definition of point index is analogous 
to the line-deletion-index above. One may 
define the negation of a point as the process 
in which the sign of each line incident to 
this point is changed. Then it might seem 
reasonable at first sight to consider a point- 
negation index for balance as the smallest 
number of points whose successive negation 
results in balance. However, this concept is 
not well-defined, for there are structures in 
which no successive negation of points will 
ever yield balance. One such structure is K3 
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shown in Figure 9. Here we have a complete 
negative structure with three points. 

If we negate one point or two different 
points in succession, we have two positive 
lines and a negative line; if we negate all 
three points in succession, we have again a 
complete negative structure. 
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It is not enough for the knight of romance that you agree that 
his lady is a very nice girl—if you do not admit that she is the 
best that God ever made or will make, you must fight. There is in 
all men a demand for the superlative, so much so that the poor 
devil who has no other way of reaching it attains it by getting 
drunk. It seems to me that this demand is at the bottom of the 
philosopher’s effort to prove that truth is absolute and of the jur- 
ist’s search for criteria of universal validity which he collects under 


the head of natural law. 


—QO. W. Holmes, Jr., Collected Legal Papers 








If the components of performance of self-regulating systems, for example 
detection and identification of the stimulus and availability of response, can 
be precisely defined for the gross behavior of an organism responding to its 
environment, the study of the effects of stress can be made correspondingly 
differentiated and precise. In particular, it would be interesting to know 
whether certain nonspecific responses, sometimes interpreted as anxiety 
symptoms, are attempts of the organism to get more feedback from the 


environment. 


NOTE ON SELF-REGULATING SYSTEMS AND STRESS 


by Joseph M. Notterman and Richard Trumbull 


Princeton University and Office of Naval Research 


HE comment we wish to make concerns 

the use of the servosystem analogy as a 
conceptual framework for theorizing and 
research in stress (a review of stress phe- 
nomena is available in Lazarus, Deese, & 
Osler, 1952). Specifically, we wish to present 
some speculations bearing upon the char- 
acteristics of certain assumed underlying 
processes in such a frame of reference. 

The notion that organisms are capable of 
correcting for or adapting to disturbances 
is not new (Bernard, 1879; Cannon, 1932; 
Herrick, 1924). Nor is a sharp distinction 
always drawn between what might be 
termed physiological as opposed to be- 
havioral homeostasis. By the latter term 
we wish to imply nothing more than that 
the typical animal has developed, during 
the course of his natural evolution, certain 
proclivities toward responding to changing 
stimulus conditions. The appropriateness of 
his specific responses—both as to occurrence 
and as to intensive magnitude—is deter- 
mined by the usual laws of reinforcement, 
or (in extreme cases) natural selection. As 
far as the servosystem analogy is con- 
cerned, it makes little difference whether 
the corrective response is ‘voluntary’ 
or “involuntary,” skeletal or autonomic. 
What 7s crucial for this frame of reference 
is that the response directly affects that 
aspect of the stimulus situation (“‘disturb- 


ance’’) to which the organism is responding, 
The feedback thus generated by the or- 
ganism’s behavior is in part responsible for 
fixing the ensuing value of the input. 

We wish to observe that this familiar 
servosystem argument presupposes the 
existence of the following underlying proc- 
esses: detection, identification, and re- 
sponse availability, each of which can be 
explored in the laboratory. The remainder 
of this comment is concerned with a dis- 
cussion of these processes. ; 

1. Detection: For regulation to take place, 
the disparity. between the disturbed and 
normal (or desired) state of the organism 
must be of such form and quantity as to be 
detectable by the organism. Obviously, if 
the organism cannot sense (perceptually or 
physiologically) a disturbance, measures 
cannot be taken for its correction. Equally 
apparent is the fact that individuals will 
differ in both the quality and quantity of 
information required for detection. 

2. Identification: Apart from the necessity 
for the disparity to be detected, it must also 
be identified. (The term is used in a non- 
cognitive sense.) Corrective action cannot 
be specific unless a given disturbance is 
successfully discriminated from other pos- 
sible disturbances. Here again, individual 
differences in the form and quantity of 
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information necessary for identification 
undoubtedly exist. 

3. Response Availability: Upon detection 
and identification of the normal-disturbed 
disparity, the organism must be permitted 
by environmental, physiological, or labora- 
tory conditions to make the correction. It 
may be noted in passing that Selye has 
principally concerned himself with those 
laboratory situations in which the response 
available to the organism has not proved 
adequate to removing the offending stimulus. 


DETECTION 


Returning to the process of detection, it is 
apparent that—as far as psychologists are 
ordinarily interested—the problems of pri- 
mary significance are those concerned with 
perception. This, in turn, places detection 
phenomena squarely in the realm of psycho- 
physics. Unfortunately, however, the psycho- 
physics which is of importance in a servo- 
system context is not the kind which is 
typically studied. As was noted in the fore- 
going, the servosystem analogy calls for 
the behavior of the organism to have a 
direct effect upon the ensuing stimulus 
condition. This will generally mean that the 
disturbance is either gradually or discretely 
changed by successive responses—a sort of 
non-topographical “tracking.” But this in 
turn means that the organism is responding 
to continuously or discretely variable 
stimulus values, not the stationary “‘yes-no”’ 
exposures usually studied in psychophysics. 
In short, the detection problem becomes, 
for one interested in the servosystem frame 
of reference, a much more complicated 
phenomenon than that customarily ex- 
amined under the label of absolute and 
difference thresholds. It is now a problem 
involving not only the presence or absence 
of a stimulus, or one concerned with the 
minimal discriminable difference between a 
pair of stimuli, but, additionally, a problem 
involving the detection of the first and 
second time derivatives of a changing 
stimulus magnitude. (The ‘time’ aspect 
enters the situation because successive re- 
sponses take place in time.) Some prelimi- 
nary data concerning the psychophysics of 
time variant stimuli are available in Notter- 
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man (in press, a) and Notterman (in press, 
b). Further research which has not as yet 
been published indicates that the energy 
required for a JND of stimulus change may 
be a gradually increasing function of the 
rate at which the stimulus value is changing.! 
From the point of view of those interested 
in stress phenomena, the detection of time 
variant stimuli would seem to hold special 
interest. Is stress due only to the stationary 
value of a disturbance, or does the rate at 
which the disturbance changes affect the 
subject’s behavior (and vice versa)? We 
woulc certainly guess at the latter, but 
definitive experiments remain to be done. 


IDENTIFICATION 


Turning now to identification, it seems 
safe to remark that the mere detection of a 
disturbance, without identification, may 
lead to general (non-specific) response simi- 
lar to that described by Selye. Such massive, 
but behaviorally incoherent responses, may 
or may not result in the reduction of the 
disturbance. 

If the disturbance cannot be immediately 
identified, the organism’s initial reactions 
to the offending stimulus may be in the 
nature of inquiries or “feelers,’’ which—by 
virtue of the ensuing feed-back—seek to 
establish the identity of the disturbance. 
Such behavior is a joint result of biological 
evolution and past reinforcement. Individ- 
uals will differ in the quality and quantity 
of the feelers necessary to make this judge- 
ment; accordingly, they will differ in the 
number of such responses emitted. Also as 
a result of past reinforcement history, 
organisms will differ in the number and 
kind of stimuli which are found to be dis- 
turbing. For this reason, too, individuals 
will differ in the number of feelers emitted. 
Whatever the source, those individuals who 
characteristically exhibit a markedly high 
frequency of these inquiries are frequently 
labelled ‘‘anxious.”’ 

The foregoing is exemplified by some 
data obtained by one of us under particu- 
larly illuminating circumstances. 


1 The investigation cited was supported by re- 
search contract (Nonr-1858|19]) with the Physio- 
logical Psychology Branch, Office of Naval Re- 
search. 
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In 1951, the School of Aviation Medicine 
at Pensacola was routinely exposing classes 
of Naval Aviation Cadets to low pressure 
chamber operations for familiarization with 
masks and reduced pressure reactions. There 
was a relatively high frequency of hyper- 
ventilation—a phenomenon exaggerated by 
severe anxiety—in which the normal breath- 
ing sequences are altered, resulting in 
expiration of carbon dioxide from the body 
stores faster than carbon dioxide is produced 
metabolically. An investigation was initiated 
in an effort to determine who the hyper- 
ventilator was, and whether there was any- 
thing that could be learned about him to 
allow prediction. The Minnesota Multi- 
phasic Personality Inventory was the test 
given. 

A series of classes were given the MMPI, 
were put through the chamber, and all cases 
of hyperventilation noted; notation was also 
made of those individuals experiencing 
other difficulties in adjusting to the new 
situation. Correlations suggested that our 
man appeared in the use of the question 
mark section. Up to a certain point, the less 
apparent the relationship of an item to his 
present pursuit (Naval Aviation), the more 
certain he was to employ the question marks. 
A new series of these items was constructed 
with others of similar nature, and a generous 
sprinkling of items to which he could answer 
“ves” or “no” for filling. This resulted in a 
test of 148 items. To confuse the issue and 
force some decision, he was asked to rate 
himself on a 7 point scale which included: 
never, seldom, sometimes (under certain 
conditions), often, usually (under most 
conditions), always, and never occurred to 
me. As might be expected, he took the three, 
five and seven positions. 

Based upon these findings, a prediction 
was made for the next class of six Cadets. 
This was not an assertion that certain 
individuals in this class would or would not 
hyperventilate, but was a specification of 
the sequence of MMPI test responses of 
hyperventilators. This sequence, of course, 
consisted of their ranking in terms of their 
use of the 3, 5, and 7 responses. The predic- 
tion turned out to be perfect. 

In discussing the data with the School of 


Aviation Medicine staff, it was found con- 
venient to refer to the hyperventilator (the 
anxious person, or question mark user) as 
“Radar Robert.” He is the individual who 
can find structure in a new situation only 
by emitting a number of feelers which is far 
in excess of that normally required. His need 
for feedback (the rebound, as it were, of his 
inquiries) justifies the pseudonym. 

The implication of the foregoing for the 
servosystem analogy and its relation to 
stress is clear: the central concept of the 
servosystem is that of feedback; without 
feedback, there can be no regulation. While 
this is, of course, largely recognized, there 
has been relatively little research concerned 
with the cold, hard problems involved in 
the specification and measurement of feed- 
back. How do individuals differ in their 
feedback requirements? (Stimulus depriva- 
tion studies are not enough to answer this 
question; we need stimulus exposure studies 
in which the stimulus varies as a joint func- 
tion of time and the organism’s behavior.) 
What are the characteristics of the cross- 
correlation in time between input (stimulus) 
and output (response)? How valuable are 
the mathematical tools of servo-engineers in 
this sort of analysis? Do we have to go—as 
does the servo-analyst—to intensive meas- 
ures of response (such as force, duration, or 
time integral of force) in order to perform 
the required analyses? Some of these ques- 
tions are presently being examined,? but 
only a beginning has been made. 


RESPONSE AVAILABILITY 


The importance to the servosystem anal- 
ogy of response availability as a means of 
exploring stress is obvious, yet little seems 
to have been done with this avenue of 
approach. Consider a study in which one of 
us participated several years ago (Notter- 
man, Schoenfeld, & Bersh, 1952): 

“An experiment was performed to 
determine the effect of three different 
post-acquisition procedures upon the 


2 The investigation cited is supported at the 
Electronics Research Laboratories, Columbia 
University, by research contract (Nonr-266(42]) 
with the Physiological Psychology Branch, Office 
of Naval Research. 
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course of extinction of a conditioned heart- 
rate response in humans. The response 
was conditioned under a partial rein- 
forcement schedule, with electric shock as 
the reinforcing agent. In a group extin- 
guished without prior information (the 
non-instructed group), the conditioned 
response showed little tendency to decline 
in strength over 11 extinction trials. Fol- 
lowing the first extinction trial, both an 
instructed and an instructed-avoidance 
group were told that they would no longer 
be shocked. In the latter instance, how- 
ever, Ss were told that the shock would 
be omitted only if they made a specific 
motor response (tapping a telegraph key) 
whenever the conditioned stimulus (tone) 
was presented. Although in the case of the 
instructed group the strength of the condi- 
tioned response declined progressively, 
the addition of the avoidance response 
for the instructed-avoidance group led 
to a much more rapid extinction.” 

The instructed-avoidance group was the 
only group which by its own behavior suc- 
cessfully forestalled the stimulus which had 
acquired stress properties (the CS or tone). 
It is noteworthy that this group—which 
had immediate feedback of its responses— 
extinguished significantly faster than either 
the non-instructed or instructed groups. 

Finally, it may be observed that there 
seems as little justification for experimenting 
exclusively with yes-no responses as there is 
for yes-no stimuli. Complete utilization of 
the servosystem analogy in studying stress 
would seem to require the establishment of 
those experimental situations which would 
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permit a decrease in the value of disturbance 
function, in proportion to some variable 
aspect of the response. Eventually, perhaps, 
we will permit a rat pressing a bar with the 
equivalent of 20 grams of force to reduce the 
brightness of a noxious light stimulus by “x” 
times the number of foot-lamberts as when 
it presses with only 10 grams. In this for- 
seeable type of research, we will go beyond 
mere response availability or occurrence, 
and extend our knowledge to the more 
intriguing problem of response propor- 
tionality along intensive dimensions; per- 
haps for force, or for duration, or for—a 
combination of both—time integral of force. 
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AWARD MADE 


An article by Avery D. Weisman entitled “Reality Sense and 
Reality Testing,” which appeared in the July 1958 issue of Be- 
havioral Science, has been awarded the Felix and Helene Deutsch 
Prize by the Boston Psychoanalytic Society and Institute for an 
“original contribution to psychoanalysis.” 





BOOK REVIEW 


Norman E. Grunlund, Sociometry in the 
classroom. New York: Harper & 
Brothers, 1959. 


His book is intended to serve as a hand- 

book for those who are interested in 
using sociometric measures. Part one deals 
with definitions of terms, methods of con- 
structing and administering tests, and with 
the analysis of results. Part two includes an 
analysis of reliability and validity. Part 
three discusses the uses to which the results 
of sociometry may be put in improving 
school time social relations. There are 
numerous references to the literature, and 
in many places an evaluation of these 
papers is included. The style is lucid: the 
author not only knows what he wants to 
say, but he says it in a manner which makes 
it possible for a total uninitiate in this field 
to follow him easily. 

Of particular interest is the section on 
Typical Sociometric Patterns. Here the 
author reviews past data and presents them 
as norms with which new data may be com- 
pared. He points out the major features of 
these data and discusses their implications. 
Those who are interested in the mathemati- 
cal approach to sociometric problems will 
be pleased to find Professor Grunlund’s data 
reported with sufficient precision to be sub- 
jected to mathematical analysis. 

If one is investigating an area of behavior, 
be it of stones or of societies, the job is only 
half done when a description of the system 
has been reported. There remains the task 
of constructing a model that will contain 
the empirical data and that can be stated in 
a few relatively simple hypotheses. Often 
there is no simple model that one can con- 
struct on a priori grounds. Either too little 
is known about the components of a system, 
or else the phenomena become so compli- 
cated when several interactions take place 
that no mathematical tools exist to handle 
them. In these cases it is often useful to 
assume that pure chance is operating and 
to compare the results of this assumption 
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TABLE 1 
m | P of at least m} P of exactly m 
.0 | 1.000 .006 
1 | 994 .03 
2 | .96 .08 
3 | .88 15 
4 | 73 17 
5 56 BY 
6 .39 15 
7 | 24 ae 
8 13 .07 
9 .06 04 
10 .03 .018 





with the empirical data collected in the 
field. Sometimes this can be done by anal- 
ysis, but often such problems must be simu- 
lated on large computers. Apparently this 
procedure is not popular in sociology since 
Professor Grunlund makes no reference to 
it. This omission has led him to propose 
various “‘sociodynamic laws’ that may be 
only statistical artifacts. 

Let us propose a very simple model and 
compare it with some data given in the 
book. We must emphasize at the outset 
that by postulating a random model we 
do not intend to say that there is no such 
thing as a popular person or that the par- 
ticular choices a person makes are not dic- 
tated by real relationships existing between 
him and his choices. Rather we want to 
investigate large masses of people in the 
fashion used by actuaries. 

Let us examine a case where five socio- 
metric choices with one sociometric cri- 
terion are used. This is the case usually 
considered in the book. We will assume that 
all choices are made strictly at random, as 
with a group of blind riflemen each with five 
bullets firing at a wall marked off into con- 
tiguous targets of equal size. Thus every 
shot must hit some target but there is no 
reason to favor any one target over any 
other. This will generate a Poisson distribu- 
tion of hits on each target. 

We ask what fraction of the targets will 
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have at least m hits where m ranges from 1 
to 10. The expected fractions are given in 
Table 1. If we ask what fraction of the group 
will have more hits than average taking 
half of those with five hits, we get P (> 
average) = .475, which should be compared 
with .393 which is the weighted average of 
the data presented in Table 4, p. 95. This is 
clearly not exceptionally good agreement 


“when 2078 students are being studied. 


Before reaching any definite conclusions 
we will look at a rather more detailed dis- 
tribution. 








| | 
: | Above | Below 
| Star | aver- | aver- 


| age tee 





Neglec- | 
| 
| 


| 
| 
} 





| 
| 
| 
No. choices | >9 
| 
| 
| 


| age 
| &8| 25} 1 | 0 
Poisson .08 | .395 | .485 | .03 | .006 
9th Grade (as | .14 | .28 | 39 | 14 | .05 
typical) | | | 
log normal | 115 | .285 | .36 | £115 | .047 
(best fit) | | | 





One can see immediately that there are 
indeed more people on the tails of this dis- 
tribution than would be expected from the 
Poisson distribution. 

This relationship is reminiscent of many 
distributions of human abilities. In this case 
the logarithm of some “popularity index” 
is normally distributed in the population. 
In terms of our riflemen model this means 
that all the targets are not of the same size. 
Some are large and some are small and the 
distribution of size in the population is log- 
normal. Hits are still scored at random, but 
bigger targets have a greater chance of 
being hit. As one can see from the table, the 
agreement with the log-normal distribution 
is quite good. But we have only a few points 
to fit and two free parameters in a log-nor- 
mal distribution, so the agreement is not 
very significant. We could be a good deal 


prouder of this result had we had the total 
distribution of choices to compare and not 
lumped categories. 

This model has the further property that 
those who receive many choices on one 
administration of a test should also receive 
many on a later retest. That this result does 
indeed obtain is pointed out on page 122 
and following where it is indicated that the 
actual pupils choosing a particular person 
may vary widely while the number of 
choices received retests after one year with 
a stability coefficient of .67 to .84. A “popu- 
larity” model provides for such stability, 
but a random hit model does not. 

One other phenomenon can be subjected 
to analysis, namely, the percentage of 
mutual choices. A mutual choice is defined 
as one where the chosen reciprocates the 
choice. Let us consider once again the 9th 
grade. There were eight class rooms with 
88 boys and 85 girls. The cross sex choice 
percentage was 17% and the mutual choice 
percentages were 41 % for boys and 49% for 
girls and 6% cross sex. There were on the 
average 11 boys, 10% girls in each class 
room. 

Let us consider an artificial class room of 
11 boys, 11 girls and 20% cross sex choices. 
Thus each boy and each girl have four 
choices to distribute among their ten co-sex 
classmates and one choice for cross-sex. 
We would expect about 40% of the within- 
sex choices to be mutual, and about 4, of 
the cross-sex choices, or 9%. The expected 
values therefore are not way out of line 
with the observed. 

An inclusion of “null comparisons” such 
as we have indicated (there are many others 
we could construct) would have made the 
excellent book of Professor Grunlund still 
better. 

Caxton C. Foster 
The University of Michigan 





COMPUTERS IN BEHAVIORAL SCIENCE 


Heuristic Programs, Computer Simula- 
tion, and Higher Mental Proc- 
esses! Walter R. Reitman, Carnegie 
Institute of Technology 


The synthesis of intelligent systems on 
digital computers makes possible new funda- 
mental research into the higher mental 
processes underlying human _ intellectual, 
adaptive, and creative activity. This note 
discusses the methodological basis of such 
research—the heuristic computer program— 
developed by A. Newell, J. C. Shaw, and 
H. A. Simon. Also described are some current 
developments, including work by E. Feigen- 
baum, J. Feldman, L. Gregg, G. Mealy, 
N. Saber, and F. Tonge. The earliest of these 
investigations date from late 1954 and early 
1955. The term “higher mental processes,”’ 
although certainly implying a basic concern 
for affect, interest, surprise, anticipation, 
curiosity and dreaming, indicates a main 
focus on thinking and problem solving—on 
the human as an information processing 
organism. 

Why select simulation and heuristic com- 
puter programs as a research strategy? If we 
take problem solving activity in intellectual 
and creative enterprise to be intimately 
associated with “motivational” and ‘“‘per- 
sonality” factors, however we conceptualize 
them, then how we conceptualize these 
factors becomes critical. Psychology cur- 
rently tends to work with sets of variables 
defined over individuals—variables typically 
assumed to be linear and additive. There are 
persuasive critics of this approach, ranging 
from G. W. Allport to C. H. Coombs. We have 


1 An earlier version of this paper was presented 
at a Symposium on Applications of High Speed 
Computers to the Study of Human Behavior, 
Harvard University, 1958. The writer is very 
much indebted to Bernard Cohen for stimulating 
comments on the earlier version. 

? The writer is grateful to the Social Science 
Research Council for a Faculty Research Fel- 
lowship which facilitated the writing of this 


paper. 


had ample evidence, as in recent volumes of 
the Annual Review of Psychology, of real 
dissatisfaction with the results. What we 
have. not had were scientifically respectable 
and experimentally feasible alternatives. The 
heuristic computer program, as developed 
by Newell, Shaw, and Simon (1958b), now 
provides such an alternative. Furthermore, 
this alternative is not only empirically use- 
ful, but also far closer conceptually to the 
phenomenal processes under investigation 


‘than the usual dimensional models. 


Note that the emphasis is on the heuristic 
program, not on the computer. The com- 
puter is essential, but only in the way that 
pencil and paper are essential: it permits 
symbol manipulation which is more ac- 
curate, more rapid, and above all, more 
complex. A three point contrast with numeri- 
cal data processing programs may help 
clarify the functional characteristics of heu- 
ristic programs. 

First, conventional data processing pro- 
grams are possible only when the problem is 
known and a solution procedure can be 
specified, step by step. A conventional pro- 
gram is such a step by step prescription. 
Heuristic programs, on the other hand, dis- 
cover solutions. The routines they describe 
enable the computer to generate goals and 
subgoals, to order these in possible solution 
sequences, and finally to test to determine 
whether in fact any of the solution sequences 
fully satisfy the requirements of the prob- 
lem. 

Second, such a conventional data proc- 
essing program manipulates numbers arith- 
metically. Heuristic programs are designed 
to handle non-numeric symbols. 

Third, these data processing programs, as 
step by step prescriptions, guarantee solu- 
tions. By contrast, the heuristic programs, 
which proceed by attempting to build paths 
to goals, can make no such guarantee. The 
difference here is analogous to that between 
a man calculating a correlation coefficient 
(assuming he knows how to do it) and a man 
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trying to win a game of chess. So well 
adapted to this kind of problem are heuris- 
tically programmed computers that Simon 
and Newell were tempted to predict “that 
within ten years a digital computer will be 
the world’s chess champion, unless the rules 
bar it from competition.” (1958). 

At a very abstract level, of course, in both 
cases—with both kinds of programs—the 
computer is programmed for the problem. 
But so are humans. And the heuristically 
programmed computer is closer to a human 
problem solver than to a conventionally 
programmed machine. Neither human nor 
heuristically programmed computer need be 
guaranteed beforehand that any given 
method will work, or indeed that a solution 
to a particular problem exists at all. Both 
proceed by searching for “‘likely possibilities” 
and then trying them out, using specified 
classes of cues and tests to guide the search 
process. Finally, the heuristically pro- 
grammed computer is more than a machine 
programmed to copy problem solving paths 
previously worked out by human problem 
solvers: as will be demonstrated, with a 
complex program it is sufficiently flexible 
and autonomous to be capable of original 
results—of ‘‘creativity,” if you will. 

A heuristically programmed computer, to 
the extent that it simulates higher mental 
processes in humans, predicts them, and 
provides a model or theory for them. Heu- 
ristic programs, as theories, will clarify the 
processes underlying interaction in experi- 
mentally specified environments by provid- 
ing a link between input and output that is 
under full experimental control. Thus, they 
may come to provide complete and identi- 
fiable vocabularies for studies in areas such 
as learning, motivation, and _ perception 
which now suffer from the lack of well de- 
fined and widely accepted intervening vari- 
ables. 

At what level will such a theory explain 
and predict? The level of discourse is not 
soon likely to be neurophysiological. There 
are few clear parallels in organization or 
structure, since most neurophysiological 
processes as currently understood have no 
obvious relation to what goes on inside a 
working computer. The similarity between 
heuristically programmed computers and 





humans is a functional similarity—both 
manipulate information in much the same 
ways. With heuristic programs, the com- 
puters solve problems by processes which in 
humans would be called hunches, judgments, 
inferences and insights. On the other hand, 
the working terms of a heuristic program 
are not at this level either although such 
words might be considered to describe overt 
behaviors associated with ongoing informa- 
tion processing—overt behaviors we would 
expect to be able to explain and predict in 
terms of the theory. 

The level of effective symbol manipula- 
tion will, of course, vary with the nature of 
the problem. Something of the character of 
the language employed may be conveyed in 
terms of an illustrative protocol. 

A naive subject, taking part in a coding 
experiment, is given twelve coding rules 
which in fact are the symbolic logic defini- 
tions and theorems he will require to solve 
the experimental problem. After a few prac- 
tice problems, he is asked to recode 
(R D> —P)-(—R D Q) into —(—Q-P). He 
produces a protocol from which the follow- 
ing extract representing four and one-half 
minutes of work is taken (Newell, 1957). 

‘Well, looking at the left hand side of the 
equation, first we want to eliminate one of 
the sides by using Rule 8. It appears too 
complicated to work with first. Now—no, 
no, I can’t do that because I will be elimi- 
nating either the Q or the P in that total ex- 
pression. I won’t do that at first. Now I’m 
looking for a way to get rid of the horseshoe 
inside the two brackets, that appear on the 
left and right hand side of the equation. And 
I don’t see it. Yeah, if you apply Rule 6 to 
both sides of the equation, from there I’m 
going to see if I can apply Rule 7.” 

[The subject now has (—R v —P)- 
(R v Q). He continues:] 

“T can almost apply Rule 7, but one R 
needs a tilde. So I’ll have to look for another 
rule. I’m trying to see if I can change that 
R to a tilde R. As a matter of fact, I should 
have used Rule 6 on only the left hand side 
of the equation. So use Rule 6, but only on 
the left hand side. 

[He now has (—R v —P)-(—R > Q), and 
he continues:] 

‘“‘Now I’ll apply Rule 7 as it is expressed. 
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Both—excuse me, excuse me. It can’t be 
done because of the horseshoe. So—now 
I’m looking—scanning the rules here for a 
second, and seeing if I can change that R to 
tilde R in the second equation, but I don’t 
see any way of doing it. (He sighs). I’m just 
sort of lost for a second. Well, I’m going to 
start on the first equation again.” 

The level of discourse should be such that 
acomputer heuristically programmed to simu- 
late this behavior will generate every state- 
ment in this protocol, in the correct se- 
quence. These statements need not be in 
precisely the same language the subject em- 
ploys, but they must replicate unambigu- 
ously every examination, evaluation and 
manipulation of the formal symbols 
involved. 

What does a program which would simu- 
late this behavior presuppose? First, it calls 
for an explicit set of the effective symbols— 
the basic content on which the program 
works—as well as representations of the 
forms in which these symbols are stored in 
memory, their associative structure and 
order. Second, it requires a set of primitive 
information processes defining permissible 
manipulations—explicit statements of the 
ways in which symbols may be moved 
around, ordered, and compared. (Note that 
each of these processes thus is defined en- 
tirely in terms of computer operations and 
sequences of operations. Again, this implies 
not an inferred similarity between computer 
and brain, but rather the belief that a func- 
tional similarity exists at the information 
processing level. Computer representation is 
advantageous because it permits precise 
specification, and because it allows us to dis- 
cover the consequences of hooking these 
primitive processes into complex sequences 
by doing just that on the computer and ob- 
serving the results.) Third, it assumes an 
unambiguous and sufficient set of rules gov- 
erning the combination of primitive proc- 
esses into problem solving programs. Given 
these three requirements—the effective sym- 
bols, the set of primitive information proc- 
esses, and the combination rules—a program 
would generate unequivocal sequences of 
symbol manipulations which amount to de- 





tailed predictions from the theory of the 
behavior under investigation. 

Evidence for the utility of heuristic pro- 
grams in the study of higher mental proc- 
esses is considered below. Grant for the 
moment, however, that simulation has proven 
useful in exploring the solution of fairly 
elementary problems such as the one given 
in the illustrative protocol: we still seem a 
very great distance from the fundamental 
processes underlying human intellectual and 
creative activity. How do we write a program 
which will create novels and symphonies, or 
one which will predict the behavior of a Con- 
gressional caucus or a company board of di- 
rectors meeting? What are the “effective 
symbols,” the ‘‘primitive processes,” and the 
“combination rules”? How are we to deal 
with the development of higher order sym- 
bols, and their evolution into “cognitive 
maps’? The problems seem insurmountable, 
even though before we begin we know that 
af «ver we come up with the necessary and 
sufficient requirements for such a program, 
we have at hand a device which enables us to 
confirm the set of hypotheses which are the 
program by reproducing the behavior in its 
entirety. 

Two factors are on our side, however. 
First, the computer records in detail not 
only a sequential prediction of behavior, but 
also the manipulations and decisions which 
result in each step in the sequence. The very 
evidence of nonconfirmation thus provides 
considerable information as to the sources of 
the error—feedback on whether the theory 
is getting warmer or colder, suggestions as 
to how it might be made warmer still. Sec- 
ond, the problem may be approached in 
stages. We may begin with tasks such as 
those employed in the symbolic logic investi- 
gations. By thus simplifying and delimiting 
the effective symbols dealt with, we can con- 
centrate on building up a repertoire of in- 
formation processing routines and programs. 
Assuming a reasonable amount of overlap 
in the information processes involved in 
many different classes of problems, we ex- 
pect this repertoire to aid us as we turn to 
more complex examples. This kind of strat- 
egy, involving initial use of material evoking 
relatively few associations irrelevant to the 
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problem is, of course, exactly analogous to 
the strategic use of nonsense syllables in 
the first stage investigation of verbal 
learning. 

Attempts to apply heuristic programming 
techniques in more intrinsically interesting 
areas—chess games, or even novel writing— 
must deal with increasingly more complex 
goal structures. The solution to a logic prob- 
lem is well defined by the single final expres- 
sion to be obtained. Checkmate—in effect a 
class of relationships among pieces—ends a 
chess game, but the solution to a given game 
cannot be specified further prior to the play- 
ing of the game, since a very large number 
of game progressions lead to functionally 
equivalent final positions. A novel, and 
artistic compositions generally, must satisfy 
networks of tests applied to the form, style, 
tone, and content of the work, and the net- 
work no doubt gets more complex still as 
the problem solving activity interacts with 
and redefines the tests and goals involved. 
At what level of subject matter complexity 
do heuristic programming approaches be- 
come inapplicable? There would seem to be 
no meaningful answer to this question pos- 
sible at this point, particularly since the 
whole approach typically implies the work- 
ing assumption that complex activities are 
built up of fundamentally simple ones. Even 
in the case of an activity as complex as 
novel writing, for example, much of the 
overall program structure would seem to be 
inferable for instances where adequate proto- 
col materials, notebooks, diaries, and drafts, 
are available. Beyond the level of gross 
structure, it may even prove possible to 
develop heuristic programs actually at the 
level of the language employed. Chomsky’s 
(1956) analysis of syntactic structure is 
analogous in format to the memory organ- 
ization required by heuristic programs, and 
Asch’s discussion (1958) of metaphor, which 
treats words as labels for classes, operations 
on classes, and functions relating classes, 
suggests a ready framework for heuristic 
programs dealing with meaning at a slightly 
more abstract level. Finally, to return to an 
earlier point, the personality and motiva- 
tional factors involved may be dealt with 
entirely in terms of their effects upon choice 


and definition of elements and tests, the spe- 
cific heuristics employed, and the sequential 
structure of the program. With these factors 
integrally incorporated, the predictions of 
behavior which result may be as precise and 
comprehensive as those derived with prob- 
lem solving programs, narrowly defined. 

One way to describe the range and signifi- 
cance of research utilizing heuristic programs 
is to consider the several foci of interest 
which may be distinguished. The first of 
these—the study of intellectual, adaptive, 
and creative behavior—has been discussed 
in some detail. The computer here serves as 
a means of realizing and testing psychologi- 
cal theory. The main concern is to elaborate 
theories of higher mental processes so as to 
clarify information processing in humans 
and groups of humans. 

Secondly, the back and forth activity in- 
volved in successively checking out and re- 
working programs so that they more closely 
predict behavior sometimes leads to ideas 
about humans which in effect are derived 
from observation of the working computer, 
and the unexpected things it sometimes does 
with the programs it is given. This kind of 
interest is analogous to the study of a con- 
ventional mathematical model of behavior 
which works, but not quite as well as it 
might. Its fruitfulness stems from the overall 
functional similarity between heuristically 
programmed computers and human problem 
solvers, and it may well lead to a more gen- 
eral theory of information processing. 

The problem solving program itself serves 
as a third focus of activity. Programs already 
extant, while not yet reproducing in com- 
plete detail the behavior of specific human 
problem solvers, do as we shall see solve 
problems. Newell, Shaw, and Simon (1959) 
developed a general problem solving program 
worth describing in this connection. Basi- 
cally a theory of problem solving, this pro- 
gram involves two separate components, one 
of which contains the general routines, and 
the other of which contains those routines, 
definitions, etc., which enable the program 
to solve problems in a specific content area. 
This factored model is taken over in many 
of the investigations currently under way. 
The success of this model in simulating hu- 
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man behavior is described in Newell, Shaw, 
and Simon (1958c). Apart from the ability 
to simulate the behavior of individual hu- 
mans, such programs also lend themselves 
to attempts to develop more efficient ma- 
chine problem solvers. Loosely speaking, this 
might be termed work on the development 
of pure thinking machines. 

Fourthly, the possibility of pure thinking 
machines leads to an interest in applied ones, 
a concern with the application of heuristic 
programming techniques to complex indus- 
trial and business problems which do not 
now admit of adequate mathematical solu- 
tions with techniques such as linear pro- 
gramming. Tonge (1958) has completed a 
heuristic program which will assign jobs to 
workers on a production line, taking into 
account time and sequence constraints, so as 
to effectively equalize work load and mini- 
mize the number of work stations given a 
specified production rate. 

The development of languages for pro- 
gramming complex processes naturally im- 
plies an increasingly more fundamental con- 
cern with the general problem of symbol 
manipulation. While the information pro- 
cessing language manual now available 
(Newell et al., 1959) is designed primarily to 
provide a finished language for general use, 
current research may prove valuable in con- 
nection with the study of human linguistic 
processes and general theories of information 
processing. 

Finally, all of this ongoing research has 
had its feedback to the men who design the 
hardware. Current computers are quite in- 
efficient under heuristic programs, but future 
models need not be (Shaw, Newell, Simon, 
& Ellis, 1958). 

It is appropriate at this point to turn from 
exposition of a point of view to a brief discus- 
sion of accomplishments to date. Only the 
logic problem program has had extensive 
computer tests: these are described in some 
detail in Newell, Shaw, and Simon (1957) 
and Newell et al. (1958b). The program 
proves a considerable number of theorems, 
including one proof considerably more ele- 
gant and direct than that described in 
Whitehead and Russell’s Principia Mathe- 
matica (1925), from which the original the- 


orem was taken. This fact, as indicated 
earlier, makes it reasonable to wonder 
whether we should not even now grant the 
heuristically programmed computer a meas- 
ure of “‘creativity.”’ 

The first machine tests are now under way 
on a modularly constructed chess program 
involving separate sets of subprograms which 
correspond to the various features of the 
chess problem (Newell, Shaw, & Simon, 
1958a). 

A third program which allegedly repro- 
duces the protocol excerpt presented above 
has been coded by the same authors but not 
yet run. The allegation is based on a hand 
simulation which yields an almost. perfect 
fit to the data. The simulated behavior dif- 
fers from the original only in omitting two 
statements: ‘‘It appears too complicated to 
work with first”? and ‘I should have used 
Rule 6 on only the left hand side of the equa- 
tion.”’ The simulated behavior includes, inci- 
dentally, the very same error. It also uses 
Rule 6, but then uses Rule 6 again to go back 
and undo the error before going on. The fact 
that the program as coded is unable to gen- 
erate the two statements omitted nicely 
points up the unambiguous way in which 
comparison of predicted and actual behavior 
discloses inadequacies in theory and shows 
where change is needed. 

Other projects currently under way in- 
clude efforts to write a program which will 
simulate in accordance with the established 
psychological facts the memorization of sim- 
ple items (E. Feigenbaum), a program which 
will simulate the guessing behavior of sub- 
jects attempting to predict the next item in 
a sequence of randomly ordered binary digits 
(Feldman, 1959), and a program which will 
simulate behavior in a simple concept attain- 
ment task (L. Gregg). 

Having considered the logic of heuristic 
programs, their relation to the study of 
higher mental processes, and the current 
status of research in this general area, we will 
conclude with a general summary of the 
most interesting characteristics of the theory 
and methodology as a whole in relation to 
problems in the behavioral sciences. 

(1) They make possible more adequate 
conceptualization and investigation of these 
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problems because they provide a means of 
simulating externally the behavior implied 
by a theory. 

(2) For perhaps the first time, a real oppor- 
tunity exists for exhaustive and yet scien- 
tifically adequate study of single individuals 
and groups other than in terms of variables 
defined statistically over many individuals 
and groups. 

(3) The heuristic programming approach 
implies theories which treat humans as ac- 
tive, problem solving, pattern seeking organ- 
isms, without requiring any sacrifice of ob- 
jectivity or experimental rigor. 

(4) They are vehicles for deterministic as 
well as probabilistic theories at a meaningful 
level of analysis. 

(5) They provide an integrated way of 
dealing with what occasionally becomes a 
dichotomy in psychological thinking be- 
tween process and content (see McClelland, 
1955). 

(6) Finally, they provide a unique oppor- 
tunity for concept objectification: such in- 
triguing and confusing phenomena as antici- 
pation, interest, set, curiosity, and insight 
may now all be represented unambiguously 
within the confines of a deck of cards. 
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III. MATRIX OPERATIONS 


KSL 5.00, M-21 
(R. P. Polivka) 
If matrix A is of size i by 7 and B of size 

j by k, this routine will form the product 
AB = C provided jk is less than 10,240 and 
) is less than 413. The routine is designed to 
prevent overflow in an element of C by scal- 
ing this particular element. Thus, unless the 
output tape is to be used in a subsequent 
operation, no attention need be given to 
sealing. 

KSL 5.01 Mass Production Matrix Multi- 
plication with Resealing (K. W. Dickman) 
The purpose of this routine is to multiply 

a series of small matrices, A,B, = C,, and 

to rescale the products. If the size of B is k 

by j, and if p is the number of the matrices, 

the limit of this routine is pykk < 824. 

KSL 5.02 Multiplication of a Matrix by its 
Transpose (K. W. Dickman) 


Matrix Multiplication 
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This routine will read a matrix, A, and 
form the product, A’A, or the product AA’. 
The advantage in using this routine is that 
it avoids the necessity of transposing either 
A or A’ prior to the use of KSL 5.00. In 
preparation. 

KSL 5.10, M-13 Complete Linear Matrix 
Equation Solver and General Matrix In- 
version (W. L. Frank) Also on MISTIC, 
SILLIAC 
This routine solves the linear matrix equa- 

tion, AX = B, where A is an n by n non- 

singular matrix, and B is an n by m matrix. 

The magnitudes of n and m are governed by 

the relationship: 


nm+n+m-+ n(n + 1)/2 < 842. 


In case B is the identity matrix, the inverse 

A is obtained. 

KSL 5.15 Routine to Prepare Data Tapes for 
M-13 (John Hurley) Also on MISTIC 
An operation frequently encountered in 

obtaining factor scores is to solve the equa- 

tion RB = F where R is symmetric and in 
triangular form. This routine will read the 
triangular matrix, R, and the rectangular 
matrix, B, and punch the augmented matrix, 

R:B, in the form required for KSL 5.10. 

KSL 5.16 Routine to Rescale the Results of 
KSL 5.10 (K. W. Dickman) 

The results of routine KSL 5.10 consist of 
the columns of X with a scaling value at the 
end of each column. In order to use the 
matrix, X, for subsequent operations, it is 
necessary to remove the scaling value, and 
also to scale each column by the same power 
of 10. The purpose of KSL 5.16 is to read a 
number of such matrices, and to scale all of 
them by the same predetermined power of 
10. There are no restrictions on the size or 
number of matrices. 

KSL 5.20 Matrix Addition or Subtraction 
(K. W. Dickman) 

If the matrices, A and B, conform, this 
routine will either add or subtract a series of 
matrices, A, + B, = C;,. The results, C,, 
can be printed in rectangular form, or, if the 
C, are symmetric, they can be printed in 
triangular form. The set of A, are stored on 
the drum and the total number of elements 
cannot exceed 10,240. 





KSL 5.30 Matrix Transposition and/or Seal- 
ing (John Hurley and K. W. Dickman) 
This routine will transpose a matrix of 

size r by c where neither r nor c exceeds 814 

and where r by c does not exceed the drum 

capacity, 10,240. The results can be scaled 
at the same time by the following powers of 

10: +2, +1, +0, —1, —2. It is also possible 

to use, this routine for scaling without trans- 

position. 

KSL 5.50 Delete Any Rows and Any Col- 
umns from a Set of Rectangular Matrices 
(K. W. Dickman) 

This routine will read a set of rectangular 
matrices, and punch out a set of smaller ma- 
trices with rows and columns deleted as 
specified by the parameter tape. 

KSL 5.51 From Square to Triangular Form 
with or without Deletions (K. W. Dick- 
man) 

This routine will reduce a square, sym- 
metric matrix of order n to order n—k and 
punch the resulting matrix if triangular 
form. The k variables to be deleted are speci- 
fied by a parameter tape, and k may be any 
value less than 200 including zero. The value 
of n must be less than 644. 

KSL 5.55 Triangular Form to Square (K. W. 
Dickman) Also on MISTIC 
A matrix in triangular form not exceeding 

order 42 can be completed to square, sym- 

metric form by the use of this routine. 

KSL 5.56 Triangular Form to Rectangular 
Form (K. W. Dickman) 

It is sometimes necessary to perform op- 
erations on selected columns of a matrix 
which may be on tape in triangular form. 
The purpose of this routine is to extract com- 
plete columns from a matrix in triangular 
form of order not exceeding 111. The num- 
ber of columns selected is not limited, so 
that it is possible to complete the entire 
square matrix. 

KSL 5.57 Correlations in Page Form (K. W. 
Dickman) 

Whenever a matrix is symmetric, both 
space and computer time are conserved if 
the matrix is punched onto tape in triangular 
form. This form is optional output for rou- 
tines KSL 2.00, 2.01, 2.05, 2.40, and others. 
The purpose of this routine is to read data in 
triangular form, and punch it back onto tape 
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in page form. Each row and each column is 

correctly labeled. There are no practical lim- 

jtations on the use of this routine. 

KSL 5.60 Normalization of columns of a 
matrix (K. W. Dickman) Also on MISTIC 
This routine reads a matrix by rows, nor- 

malizes by columns (i.e., sums of squares of 

the elements equals one), and prints the ma- 
trix either by rows or by columns, where 

re is less than 840. 

KSL 5.70 Row Sums and Column Sums of 
elements of a matrix (Jack Neuhaus) Also 
on MISTIC 
This routine can be used to check the sym- 

metry of a large matrix. 

KSL 5.71 Sums of Squares, Rows and Col- 
umns (K. W. Dickman) Also on MISTIC 
The sums of squares of the elements of a 

matrix, by rows, by columns, and total sums 

of squares are calculated by this routine. 

2r + c must be less than 724. 

KSL 5.90 Checking Matrices (K. W. Dick- 
man) Also on MISTIC 
The purpose of this routine is to check 

data tapes. The routine will read the first 

row of a matrix and compare all subsequent 
rows for number of elements, number of 
digits in each element, and for the terminat- 
ing symbol. If there is any disagreement 
with the first row, the routine will print the 
row number and the type of error. This rou- 
tine will also check in the event that the 
first row consists of single, unsigned ele- 
ments. An additional option is that the rou- 
tine can be used to check triangular matrices. 
The number of elements in the first row 
cannot exceed 700. 


IV. OTHER ALGEBRAIC ROUTINES 


KSL 6.00, L-7 Automatic Linear Equation 
Solver (D. E. Muller) Also on SILLIAC 
The purpose of this routine is to solve a 

set of simultaneous linear equations. The 

maximum number of equations is 143. 

KSL 6.10, J-2 Roots of a Polynomial (D. E. 
Muller) 

This program uses an iterative method to 
calculate all the roots of a polynomial, f(x) 
= apr” + ayr"-' +... + an = O, where the 
coefficients a' may be real or complex num- 
bers. 

KSL 6.20, M-12 Matrix Triangularization 


and Computation of its Determinant 

(W. L. Frank) Also on MISTIC 

Given any number of properly scaled 
square matrices of order up to 40, this rou- 
tine will successively upper triangularize 
each matrix and compute its determinant. 


V. MULTIVARIATE ANALYSIS 


KSL 1.00, M-18 One-Step Automatic Eigen- 
value-Eigenvector Program (Gene Golub) 
Also on MISTIC, SILLIAC 
A real, symmetric matrix in triangular 

form is read into the computer and diago- 

nalized by performing a sequence of ortho- 
gonal transformations with each transform 
designed to reduce one off-diagonal element 
to zero. These elements will not remain zero, 
so the process is repeated until convergence 
is attained. For eigenvalues only, the order 
of the matrix is limited to order 40. For both 
eigenvalues and eigenvectors, the order is 

limited to 23. 

KSL 1.01, M-20 Eigenvalues of a Symmetric 
Matrix by Givens’ Method (C. W. Gear) 
Givens’ procedure first reduces the sym- 

metric matrix to tridiagonal form. By the 

use of a binary chopping procedure the eigen- 

values are found. This method results in a 

considerable saving of machine time. This 

advantage is offset by the fact that the data 
tape must be specially prepared. The matrix 
is limited to order 128. See also routines KSL 

1.10 and KSL 1.11. 

KSL 1.05, M-19 Solution of the Matrix 
Equation, Ax = ABx, Where A and B are 
Symmetric and B Is Positive Definite 
(Gene Golub) Also on MISTIC, SILLIAC 
The routine will print the eigenvalues of 

B and the eigenvalues and eigenvectors of 

A — dB for matrices limited to order 19. 

KSL 1.10, M-7 AUX Principal Axis Factor 
Analysis (Jack Neuhaus) Also on 
MISTIC, SILLIAC 
This routine follows the procedure of 

KSL 1.00, but the eigenvectors are con- 

verted to factor loadings before printing. 

The order of the matrix is limited to order 

23. 

KSL 1.11 Principal Axis Factors (K. W. 
Dickman) 

This routine will extract the largest k fac- 
tors from a correlation matrix by an iterative 
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procedure suggested by Hotelling. The asso- 

ciated largest k eigenvalues also are printed. 

Although this routine is preferred for the 

purpose of factor analysis, the routine will 

fail in the exceptional circumstance that two 
or more of the largest k eigenvalues are of the 
same size. The order of the matrix is limited 

to 111. 

KSL 1.15 Transformation to Principal Axis 
Factors (K. W. Dickman) 

A set of orthogonal factors which have 
been calculated by some other method can 
be transformed into a principal axis solution 
by this program. The solution, however, will 
span the factor space which is not equivalent 
to the test space unless there has been a com- 
plete factor extraction. The program is lim- 
ited to 21 factors and 111 variables. 

KSL 1.20 Centroid Factors with Fixed Com- 
munalities (K. W. Dickman) 

Following the procedures outlined by L. L. 
Thurstone, this program will extract cen- 
troid factors from a correlation matrix. The 
program is called fixed to distinguish it from 
other procedures wherein the communalities 
are altered during the course of the calcula- 
tions. The largest matrix that can be fac- 
tored with this program is one of 111 
variables. 

KSL 1.21 Centroid Factors with Estimated 
Communalities (K. W. Dickman) 

Prior to the extraction of each factor the 
largest correlation in absolute value from 
each row of the residual matrix is used to 
replace the communalities. Otherwise, this 
program is similar to KSL 1.20. The number 
of variables is limited to 111. 

KSL 1.30 Square Root of Diagonal Method 
of Factoring (K. W. Dickman) Also on 
SILLIAC 
This routine will extract square root fac- 

tors. The factor analyst can select the test 

variables as pivots, or else the pivoting can 
be made automatic in which case the variable 
selected is the one with the largest absolute 
sum of residual correlations. The number of 

variables is limited to 111. 

KSL 1.50, M-10 AUX Estimation of Com- 
munalities by the Method of Maximum 
Likelihood (Gene Golub) Also on 
MISTIC, SILLIAC 
The number of factors to extract and the 





estimates of the communalities are deter- 

mined in this routine by a chi-square test of 

significance. The amount of time required 
for this routine prohibits its use for other 
than theoretical investigations. The order 

of the matrix is limited to size 17. 

KSL 1.51, K-7 AUX Iterative Estimation 
of Communalities: Principal Axis Method 
(Ray Twery) Also on MISTIC, SILLIAC 
In order to use this routine the number of 

factors, k, must be known. After each prin- 
cipal axis solution following the method de- 
scribed under KSL 1.00, communalities are 
calculated for k factors, and these are substi- 
tuted for the previous estimates. The process 
is repeated iteratively until stability of the 
estimates is attained. The order of matrix is 
limited to order 18. This routine uses con- 
siderable machine time. It is not recom- 
mended for frequent use. 

KSL 1.52 Estimation of Centroid Commu- 
nalities (K. W. Dickman) 

The number of factors, k, must be known 
to use this routine. A trial run on KSL 1.20 
often will reveal the approximate number of 
factors to extract. KSL 1.52 will extract k 
factors by the centroid method and estimate 
communalities from the residual communali- 
ties. The procedure is repeated iteratively as 
many times as desired. At the endof a speci- 
fied number of iterations, the estimated 
communalities will be printed out and com- 
parisons can be made between successive 
estimates. When stability is achieved, these 
estimates then can be used with KSL 1.20. 
The order of the matrix is limited to 84. 
KSL 1.53 Extraction of the Largest Element 

in Each Row (K. W. Dickman) 

For large matrices some factor analysts 
will select as communalities estimates the 
largest correlation in absolute value from 
each row of the correlation matrix. When 
the matrix is in triangular form this selection 
is difficult and time consuming to do visu- 
ally. KSL 1.53 selects these values and 
punches them in a form to use with routine 
KSL 1.20. The largest matrix that the rou- 
tine will handle is of order 111. 

KSL 1.61 Indices of Similarity of Factors 
(Ray Twery) Also on MISTIC 
The program calculates a matrix of cosines 

among a set of factor vectors. If a set of 
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factors, F, is contained in the same space as 
another set, G, the cosines will indicate the 
extent of similarity among the factors. For 
example, a cosine of +1 or —1 between f; 
and g; indicates collinearity. A value of zero, 
on the other hand, indicates orthogonality. 
Similarly other values indicate the degree of 
similarity. There is no limit on the number 
of test variables. The number of factors 
which can be compared in one machine run 
is 38. 

KSL 1.71 Oblique Primary Factors (John 

Hurley) 

This program will obtain the correlations 
among the primary factors and the primary 
factor pattern. However, if the oblique rota- 
tion was obtained by the use of KSL 1.90 
or 1.92, these programs include the primary 
factor pattern as optional output. The num- 
ber of variables is not limited; the number 
of factors cannot exceed 22. 

(Factor scores currently are calculated in 
several steps which depend upon whether 
the factoring was complete or partial, 
whether the factors obtained are orthogonal 
or oblique, and upon the size of the correla- 
tion and factor matrices. A report which ex- 
plains the procedures to follow under each 
set of conditions was prepared by Mr. John 
Hurley. This report entitled ‘Obtaining 
Factor Scores’ is available from the Digital 
Computer Laboratory.) 

KSL 1.72 Beta Weights for Oblique Factors 

This program will obtain the normalized 
inverse of the transformation matrix, the 
primary factor structure, and the matrix of 
beta weights. The number of variables is 
limited to 111; the number of factors cannot 
exceed 22. 

(For the calculation of beta weights when 
the factors are orthogonal, see programs 
KSL 5.10, 5.15, 5.16, and 6.00.) 

KSL 1.73 Factor Scores (John Hurley) 

Given the measurement matrix, the beta 
weights, and the standard deviations, this 
program will obtain factor scores for either 
orthogonal or oblique factors. There are no 
practical limits to this program. 

KSL 1.80 Varimax (Bartky, Dickman and 

Kaiser) 

The varimax rotation devised by Henry 
Kaiser is a good approximation to orthogo- 


nal simple structure. The number of vari- 

ables is limited to 127; no limits on the 

number of factors. 

KSL 1.81, K-11 AUX Quartimax (Jack 
Neuhaus) Also on MISTIC, SILLIAC 
The quartimax rotation, devised by Neu- 

haus, Wrigley and Saunders, maximizes the 

variance of the squared factor loadings. The 
routine has the characteristic that a large 
general factor usually becomes even larger. 

The number of variables multiplied by the 

number of factors must not exceed 746. 

KSL 1.90 Oblimax (K. W. Dickman) 

The oblimax rotation procedure, devised 
by Saunders, maximizes the factor variance 
such that the solution becomes a close ap- 
proximation to Thurstone’s oblique simple 
structure. The routine will print out either 
the reference vector structure or the primary 
factor pattern or both. The number of vari- 
ables is limited to 111. There are no practical 
limits on the number of factors for the ref- 
erence vector structure, but only 21 factors 
can be handled if the primary factor pattern 
is desired. 

KSL 1.91 Thurstone’s Analytic Method 
for Simple Structure (John Hurley and 
K. W. Dickman) 

Thurstone’s procedure involves assigning 
weights to the transformation matrix so that 
the resulting factors approximate simple 
structure. The routine is limited to 111 
variables and 18 factors. 

KSL 1.92 Kaiser Oblique Rotation (K. W. 
Dickman) 

This oblique rotation procedure, devised 
by Henry Kaiser, will calculate weights to 
transform the factors to simple structure, 
but this process is repeated iteratively until 
convergence is attained. The number of 
variables is limited to 111 and the number 
of factors must not exceed 16. 

KSL 1.93 Trial Vector Rotation (John Hur- 
ley) 

The purpose of this routine is to transform 
a set of factors to a new oblique position 
approximately collinear with predetermined 
trial test vectors. The user can select clusters 
of variables and attempt to place the factors 
through these variables. The number of fac- 
tors is limited to 22 and the number of vari- 
ables may not exceed 127. — 
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KSL 1.94 Solution of the Matrix Equation, 
AT = B, for T, where T is a Normalized 
Square Matrix (John Hurley) 

The user of this routine may postulate a 
matrix B, rotated from A, and solve for 7. 
The product, AT, will approximate as closely 
as possible the matrix B under the restraint 
that T is normalized by columns. Of course, 
there may be no solution at all which will 
come close to transforming A to B. This 
powerful routine has other uses such as find- 
ing 7’ when the rotation has been done by a 
graphical method or such as matching factor 
patterns across studies. The number of vari- 
ables or rows of A or B is limited to 136. The 
number of factors or columns or A of B is 
limited to 22. 

KSL 1.95 Plotting Factor Pairs (R. P. Po- 
livka) 

The purpose of this routine is to photo- 
graph the plots of all factor pairs of a set. 
From an inspection of the plots, judgments 
can be made for a subsequent transforma- 
tion. This routine could be used to 
photograph scatter plots for sets of correla- 
tions provided the data were scaled to have 
a range consistent with the routine. 

KSL 1.96 Combined Rotation Routine (R. 
Conger) 

This program was designed to reduce the 
number of clerical steps in the visual rotation 
process. Given the former transformation, 
the next shift, and the original factor matrix, 
this routine will print the current transfor- 
mation matrix, the transformed factors, the 
hyperplane count, the correlations among 
the reference vectors, and finally the next 
set of factor plots. The routine is limited to 
111 variables. 


VI. ANALYSIS OF VARIANCE 
AND COVARIANCE 


KSL 3.00, K-13 Analysis of Variance by the 
Method of Fitting of Constants (Gene 
Golub) 

This program will print the required in- 
formation for the analysis of variance: gross 
sums of squares and cross products; constants; 
inverse matrix; and accounted for sums of 
squares and cross products. The advan- 
tage of this routine lies in its generality. It 
will accept data for any type of design in- 





cluding the analysis of covariance provided 

each observation is represented by a row of 

coefficients indicating the relationship of the 
observation to the constants to be fitted. 

There is no limit on the number of observa- 

tions. The number of variables is dependent 

upon the design. 

KSL 3.10 Analysis of Variance for Com- 

pletely Randomized Design (Walter Jacob) 

This program will print the treatment 
means, the general mean, and a table which 
shows the sums of squares, mean sums of 
squares, and degrees of freedom associated 
with total, treatment, and error. In addition 
the F ratio is calculated and printed. For 
any treatment the number of observations is 
limited to 300 and the total number should 
not exceed 2000. 

KSL 3.20 Randomized Complete Block De- 
sign (Walter Jacob) 

This program will print the treatment 
means, the general mean, and a table which 
shows the sums of squares, mean sums of 
squares, and degrees of freedom associated 
with each partition of the total. In addition 
the F ratio and standard deviation of the 
mean is printed. The number of replications 
is limited to 100. The total number of obser- 
vations should not exceed 2000. 

KSL 3.21 Randomized Complete Block De- 
sign with Read In for Handling Conver- 
sion (XC) (Walter Jacob) 

KSL 3.22 Randomized Complete Block De- 
sign with Read In for Handling Conver- 
sion (XY). (Walter Jacob) Replications 
Limited to 50. 

KSL 3.23 Randomized Complete Block De- 
sign with Read In for Handling Conver- 
sion (X YC). (Walter Jacob) Replications 
Limited to 49. 

KSL 3.24 Randomized Complete Block De- 
sign with Read In for Handling Conver- 
sion (XYZ) (Walter Jacob) Replications 
Limited to 33. 

KSL 3.25 Randomized Complete Block De- 
sign with Read In for Handling Conver- 
sion (X YZC) (Walter Jacob) Replications 
Limited to 33. 

KSL 3.26 Randomized Complete Block De- 
sign with Read In for Handling Conver- 
sion (—XY + X)C (Walter Jacob) Repli- 
cations Limited to 49. 
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KSL 3.27 Randomized Complete Block De- 
sign with Read In for Handling Conver- 
sion (10-'Y/X) (Walter Jacob) Replica- 

- tions Limited to 50. 

KSL 3.28 Randomized Complete Block De- 
sign with Read In for Handling Conver- 
sion (10-'X/C) (Walter Jacob) Replica- 
tions Limited to 99. 

KSL 3.29 Randomized Complete Block De- 
sign with Read In for Handling Conver- 
sion 10-'(X — Y)/X (Walter Jacob) Rep- 
lications Limited to 50. 

KSL 3.60 Analysis of Variance for Rectangu- 
lar Lattice Design (Walter Jacob) 

This routine can be used for any rectangu- 
lar lattice design of size 15 X 16 or smaller 
with 3 replications only. The print out which 
is completely labeled will show the sums of 
squares and mean sums of squares for each 
source of variation. The treatment means 


and F ratio are also printed out. This routine 
is general in that any combination of 4 
transformations and 10 conversions can be 
made on the observations. For example, the 
observations can first be transformed to 
logarithms and then the conversion 10-X /C 
can be made. 

Additional SILLIAC Programs (reported 
by B. A. Chartres) 


K 11 Design of 2” factorial experiments. 

K 14 Vector element nonlinear transfor- 
mation. 

K 15 Analysis of variance of symmetric 
orthogonal experiments. 

K 18 Automatic inversion of a symmet- 
ric matrix with optional print 
out of latent roots and vectors. 

K 19 Triple matrix product B7AB when 


A is symmetric. 


It seems to me that the whole scheme of salvation depends on 


having a required modicum of intelligence. People are born fools 
and damned for not being wiser. I often say over to myself the 
verse, ‘O God, be merciful to me a fool,’ the fallacy of which to 
my mind (you won’t agree with me) is in the ‘me,’ that it looks 
on man as a little God over against the universe, instead of as a 
cosmic ganglion, a momentary intersection of what humanly 
speaking we call streams of energy, such as gives white light at 
one point and the power of making syllogisms at another, but 
always an inseverable part of the unimaginable, in which we live 
and move and have our being, no more needing its mercy than 
my little toe needs mine. It would be well if the intelligent classes 
could forget the word sin and think less of being good. We learn 
how to behave as lawyers, soldiers, merchants, or what not by 








being them. Life, not the parson, teaches conduct. 
—QO. W. Holmes, Jr., Holmes-Pollock Letters, Volume II 





ABSTRACTS 


This section 1s devoted to abstracts of papers presented at the International Conference on 
Information Processing which was held at Unesco House in Paris, June 15-20, 1959. 


Suggestion for a universal language. //. 
Poyen and B. Vauquois. Collége de 
France and Observatoire de Meudon, 
C.N.RS., France. 

The authors envisage a universal language 
designed for use by scientists whose sole 
concern is to solve their problems rapidly, 
without regard to the technological limita- 
tions of the different types of computer. 
Such a language must therefore be quick 
and easy to learn, suitable for the formula- 
tion of all scientific problems, and usable 
with any sufficiently powerful machine. 

The authors begin by making a rapid 
analysis of the results obtained with exist- 
ing systems of automatic programming— 
none of which, despite the progress made, 
have yet enabled the computers’ program- 
ming limitations to be completely trans- 
cended. 

They then discuss the conditions which 
any proposed universal language must fulfil 
in order to serve the purpose specified in the 
introduction; in particular, clarity of script, 
flexibility of use and ease of learning are all 
essential. In the light of these criteria, the 
authors examine the algorismic language 
proposed at the Ziirich conference (27 May- 
2 June 1958). The universal language now 
being proposed is based on the classification 
of mathematical entities which was adopted 
at that conference; but though retaining 
certain features of the algorismic system, it 
embodies certain differences as regards the 
forms used for transcribing the programme 
components, and proposes a new method of 
drafting. 

This language is designed to meet the 
needs of scientists only, and makes no claim 
to be exhaustive; but its structure is such 
that it could be incorporated in an ‘“ex- 
panded” language suitable for the drafting 
of all matter in the field of information 
processing. 
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Methods of logical, recursive and operator 
analysis and synthesis of automata. 
Yu. Y. Basilevsky, Yu. A. Shreider 
and I. Y. Akushsky. Institute for 
Scientific Research of Electronic 
Mathematical Machines, Moscow, 
USSR. 

The paper deals with the methods of logi- 
cal description of automata (computing 
machines), allowing to solve problems con- 
nected with the design of different automata. 

The method of logical time functions al- 
lows to relate the dynamics of the automat 
operation with the structure logical net 
which realizes it. The solution of time logical 
equations allows to synthesize time logical 
circuits with feedbacks. 

The method of recursive functions permits 
to describe the operation of the automat 
realizing circuit, compounded of a set of ele- 
mentary subcircuits. This method allows 
to pass from the program description to the 
building up of an efficient automat ensuring 
the realization of this program. 

The operation of the elementary subcir- 
cuits may be, conveniently represented in 
terms of time logical functions. 

The method of command operators gives 
the possibility of describing the program 
from the point of view of the dynamics of 
its execution in the computing machine and 
allows to approach the problem of setting- 
up an efficient program and of recording the 
program in terms of recursive functions. 


Pseudo-code translation on multi-level 
storage machines. F. G. Duncan and 
E. N. Hawkins. Nelson Research 
Laboratories, English Electric Co. 
Ltd., Stafford, United Kingdom. 
Many digital computers in current use 
have multi-level storage systems, a typical 
arrangement being: 
(a) a small number of very fast access 
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registers, including the accumulators 
and other computing registers; 

(b) a fairly fast, medium capacity, main 
store from which the programme is 
obeyed; and 

(c) a large-capacity but relatively slow 
backing store. 

To use a multi-level machine efficiently, 
it must be ensured that the more frequently 
required quantities are available in the faster 
levels of storage, and that transfers of infor- 
mation between storage levels are mini- 
mised. These responsibilities are usually 
regarded as the programmer’s and it has 
been previously considered very difficult to 
transfer them to the computer itself, al- 
though that is evidently desirable. 

The present paper describes how this 
difficulty may be overcome, the programmer 
being enabled to write as for a single-level 
storage machine. The order-code of this 
pseudo-computer may be one specially de- 
signed for a particular class of problem, or 
it may be that of an actual computer with 
which the programmer is already familiar. 
The pseudo-programme is tested interpre- 
tively using an interpretive programme of 
the established type. 

The pseudo-programme is translated into 
an efficient programme in the machine’s 
proper code by a translation programme, 
whose principles of operation are described. 
These include: 

(i) a method for analysing the configura- 
tion of the programme to establish an 
order of priority for loops and other 
parts of the programme; 

(ii) a method for the allocation of addresses 
in the faster levels of storage according 
to this order of priority, and for the 
organization of programme changes in 
the main store; and 

(iii) the translation of the pseudo-code in- 
structions into machine-code instruc- 
tions. 


The problem of a common language, es- 
pecially for scientific numerical work 
(motives, restrictions, aims and re- 
sults of the Ziirich Conference on 
Algol). F. L. Bauer and K. Samelson. 


University of Mainz, Federal Repub- 
lic of Germany 

The value of such a common language for 
easy and precise intercommunication has 
been felt since some time. This is demon- 
strated by the existence of users’ associations 
(SHARE, USE), which however have 
solved the communication problem only on 
the basis of their special computer language. 
It seemed obvious for practical reasons that 
a common language could not even be a 
special computer oriented language, favour- 
ing more or less one or some of the existing, 
in their computer language to a considerable 
amount differing computers. Without doubt 
a universal computer oriented language 
(UNCOL) has importance for a number of 
technical intercommunication problems in- 
cluding the translation process from a com- 
mon language to computer languages; but 
it was felt by the Ziirich Conference that a 
common language for numerical analysis 
and for the use of computers in scientific 
computation should be as close as possible 
to common mathematical notation, the more 
as this is already a unifying element. There 
was no question that the language like 
FORTRAN should be an operational con- 
structive language (its semantic meaning 
being a sequence of operations in real time 
defined in a constructive way), in order to 
make it possible to execute the language by 
a computer or to translate it mechanically 
into a special computer’s language. This ex- 
cludes, of course, all intentional (implicit 
definition using) parts of mathematical no- 
tation. But special attention has been given 
by the Conference to the possibilities of 
using free constructive definitions for nu- 
merical procedures as a counterpart to the 
idea of sub-routines and library routines. 
Thus the wanted language presents itself as 
an algorithmic language (ALGOL) in the 
sense of RUTISHAUSER’S early idea, being 
a special problem-oriented language. It was 
the task of the Conference to standardize the 
arithmetic notation and to supplement it in 

order to make it completely operational. 


The syntax and semantics of the proposed 
international algebraic language of 
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the Ziirich ACM-GAMM Confer- 
ence. J. W. Backus. International 
Business Machines Corp., New York, 
U.S. A. 

This paper gives a tutorial summary of 
the syntax and interpretation rules of the 
proposed international algebraic language 
put forward by the Ziirich ACM-GAMM 
Conference, followed by a formal, complete 
presentation of the same information. Nota- 
tions are presented for numbers, numerical 
variables, Boolean’ variables, relations, 
n-dimensional arrays, functions, operators 
and algebraic expressions. Means are pro- 
vided in the language for specifying assign- 
ment of values to variables, conditional exe- 
cution of statements, iterative procedures, 
formation of compound statements from 
sequences of statements, definition of new 
statements for arbitrary procedures, re-use 
and alteration of program segments. 

The proposed language is intended to pro- 
vide convenient and concise means for ex- 
pressing virtually all procedures of numerical 
computation while employing relatively few 
syntactical rules and statement types. 


Research on automatic translation at the 
Harvard Computation Laboratory. 
V. E. Giuliano and A. G. Oettinger. 
The Computation Laboratory of 
Harvard University, Cambridge, 
Massachusetts, U.S. A. 

An automatic Russian-English dictionary 
of electronics and mathematics, comprising 
over 10,000 distinct Russian words repre- 
sented by 22,000 stem entries recorded on 
magnetic tape, is now being used for the 
automatic processing of Russian scientific 
and technical texts. The mode of operation 
of the dictionary is described, and samples 
of the dictionary output products are shown. 

Immediate practical applications of the 
dictionary are suggested, and evaluated in 
the light of preliminary experimental results. 
The dictionary output products are poten- 
tially useful to students, to professional 
translators, and to technical editors, as aids 
in their work. 

The automatic dictionary is primarily a 
tool for research on the syntactic algorithms 
necessary for effecting accurate and smooth 





automatic translation. Coded grammatical 
information entered in the dictionary pro- 
vides, in explicit form, some of the lexical 
data required for the automatic execution of 
algorithms. The analysis of Russian syntax 
is aided by the output products of the dic- 
tionary, and by semi-automatic procedures 
for deriving, applying, and evaluating syn- 
tactic algorithms. 


The COMIT system for mechanical trans- 
lation. V. H. Yngve. Research Lab- 
oratory of Electronics, Massachusetts 
Institute of Technology, Cambridge, 
Massachusetts, U.S. A. 

The new M.I.T. programming language 
for mechanical translation is described and 
discussed. This language is being made the 
basis of an automatic programming system. 
The programming of the compiler-interpre- 
ter by the M.I.T. Computation Center 
Staff is well under way and may be com- 
pleted by the time of the meeting. 

The programming language is quite dif- 
ferent from other programming languages 
because of its different purpose. The main 
features and advantages of the language are 
discussed in some detail together with a dis- 
cussion of the considerations underlying the 
choice of these particular features, and 
examples of their use in programming lin- 
guistic problems. 

A number of linguists have already been 
introduced to the programming language; a 
complete programmer’s manual is available. 
The language is being used extensively in 
anticipation of the completion of the com- 
piler-interpreter. How the language is work- 
ing out in actual use is discussed. 


The use of machines in the construction of 
a grammar and computer program 
for structural analysis. Kenneth E. 
Harper and David G. Hays. The 
RAND Corporation, U.S. A. 

One method of machine translation relies 
on determination of the structure of the 
source language sentence. Structural analy- 
sis, in turn, depends on an adequate gram- 
mar and dictionary. The content and 
concepts of traditional grammars and diction- 
aries are limited as much by the linguist’s 
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ability to collect data as by his ability to 
perform abstractions. The present paper 
describes progress made on the building of a 
descriptive grammar of Russian with the 
complementary efforts of man and machine. 

Linguistic research at The RAND Corpo- 
ration begins with the collection on punched 
cards of a large quantity of raw text from 
Russian physics journals. As described else- 
where in detail, a total of 250,000 running 
words of text is being processed, in corpora 
of about 30,000 words each. Post editors 
supply codes to indicate (i) the structure of 
the Russian sentence and (ii) its translation 
into English. The former are based on princi- 
ples of structural grammar, which postulates 
the dependency of words in a sentence on 
each other. 

In this way the relative position of each 
word in the structure of the whole sentence 
is recognized and codified. Dependency 
codes are then punched back into the text 
cards. The entire corpus is then machine- 
sorted and listed according to the structural 
and morphological type of each item in text, 
and according to lexical entries. Syntactic 
analyses of these listings lead to the identi- 
fication of word classes according to function 
(the extension and modification of tradi- 
tional grammatical classifications) and to 
identification of the relations between syn- 
tactic units of the sentence. 

The word classes and functional relation- 
ships thus determined are imbedded in a 
computer program for sentence-structure 
determination that is now being tested on 
an IBM Type 704 computer at The RAND 
Corporation. The program establishes a re- 
lationship between two words in a specific 
sentence when: (i) the words belong to 
classes that, in general, can be related; and 
(ii) all intervening words in the sentence 
have previously been related to one or the 
other of the words in question. 

The sum of the word classes and func- 
tional relationships that can exist among 
them is a grammar for Russian physics 
texts, while the computer program for trans- 
lation is a working statement of the gram- 
mar. The empirical questions now under 
test are: (i) What word classes and func- 
tional relationships are to be recognized for 
Russian? (ii) Do the computer-determined 


sentence structures match those given for 
the same sentences by linguists? Tentative 
results are reported. 


English-Japanese machine translation. S. 
Takahashi, H. Wada, R. Tadenuma 
and S. Watanabe. Electrotechnical 
Laboratory, Tokyo, Japan. 

A fully transistorized computer for the 
purpose of experimental machine translation 
from English to Japanese was recently com- 
pleted, and a program test is now going on. 
This paper describes the organization of 
this special purpose computer named 
Yamato as well as translation principles and 
program flow diagrams. 

Having 600 transistors and 7,000 ger- 
manium diodes as_ switching elements, 
Yamato handles information of both varia- 
ble and fixed word size, executes 46 different 
instructions of one plus one address code, 
and stores 820,000 bits on a magnetic drum. 

Four kinds of dictionary: word, idiom, 
syntax, and Japanese word dictionaries as 
well as a translation program of about 4,000 
words of 32 bits are stored on the magnetic 
drum. Consulting the word dictionary, each 
word of a given sentence is transformed into 
eight character information which includes 
its grammatical features, location of the 
corresponding Japanese word. 

Since the grammatical structures of both 
languages are quite different, the ‘‘word for 
word” translation such as might be possible 
between European languages is generally 
unsuccessful. The program described has an 
aim of finding the grammatical structure of 
the given English sentence first and trans- 
posing the word in it so as to meet the corre- 
sponding Japanese grammar. After the 
transposition is made, each eight character 
word is changed into Japanese with the use 
of the fourth dictionary, and typed out. 

It takes about ten seconds to translate a 
simple sentence such as “I have some eggs 
in my hand”, including the time required 
for input and output. 


Machine translation methods and their ap- 
plication to Anglo-Russian scheme. 
I. K. Belskaya. Academy of Sciences 
of the USSR. 
In this paper an account is given of a scien- 
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tific research which has resulted in devising 
an algorithmic procedure for machine trans- 
lation of different languages into Russian. 

Methods evolved for translational pur- 
poses are explained, the Anglo-Russian 
scheme being chosen as an illustration of 
their application. 

The heart of the whole method suggested 
here lies in the most careful description of 
every language included in the MT system, 
a very detailed subsequent comparison of 
these descriptions being the basis of MT 
research. 

The comparison of the English and Rus- 
sian languages in the course of MT studies 
has proved to be more fruitful than could 
have been supposed, in so far as the struc- 
ture of these languages has been found 
strikingly alike, up to a great many details. 
For this reason, an attempt was made to 
work out an Anglo-Russian MT scheme 
where maximum similarities found in the 
structures of the two languages would be 
made use of. 

Owing to this, structural transformations 
of the translated text have been restricted 
in the present scheme of MT to such mini- 
mum as omittance and insertion of just a 
few “helping” words or punctuation marks 
and a few (local) changes of word-order. 
Nevertheless, the translations thus obtained 
are quite adequate for understanding and 
do not require post-editing, as can be seen 
in the samples cited. 


A quasi-topological method for, recognition 
of line patterns.* H. Sherman. Massa- 
chusetts Institute of Technology, 
Lincoln Laboratory, Lexington, 
Mass., U.S. A. 

Conventional two-dimensional correlation 
techniques fail in the recognition of hand- 
printed letters because of the non-linear dis- 
tortion to which the usual hand-printed 
block characters are subjected. Some more 
fundamental recognition technique is re- 
quired. One possibility is based on the char- 


* The work reported in this paper was per- 
formed by Lincoln Laboratory, a center for re- 
search operated by Massachusetts Institute of 
Technology with the joint support of the U. S. 
Army, Navy, and Air Force. 





acter topology which is invariant to any 
two-dimensional distortion. 

Such a machine method is proposed for 
the recognition of patterns which can be 
described by line diagrams. It is being ap- 
plied to the recognition of hand-printed 
characters. 

The hand-printed letter is fed into the 
computer as a matrix of occupied and un- 
occupied elements which describe the letter. 
The pattern is processed to locate the nodes 
which are either junctions of the component 
lines or the line endings. A connexion matrix 
is used to describe the graph which joins 
these nodes. The elements of the connexion 
matrix describe the sign, maximum degree, 
and amount of curvature of the branches 
joining the nodes. With a further statement 
of the relative position of the nodes, this con- 
nexion matrix can be used to identify hand- 
printed block characters using element-by- 
element comparison with a master matrix. 
If the node ordering differs from the master, 
multiplication by a transposing matrix is 
used to re-order the nodes. If the input pat- 
tern has detectable breadth of line, a 
“thinning” program is used. 

The non-topological elements of the recog- 
nition technique set the limits on acceptable 
variation in steps, size and centering. This 
problem is being programmed for Whirlwind 
I to identify hand-printed block characters. 


An analogous method for pattern recognition 
by following the boundary. W. Sprick 
and K. Ganzhorn. IBM Germany, 
Sindelfingen Wuerttemberg, Federal 
Republic of Germany. 

This paper summarizes design, realiza- 
tion, and results of the work which has been 
done in the field of the recognition of numer- 
als during the last few years. 

The numerals represent the main amount 
of recognition information at both sides as 
seen horizontally from right and left. By 
means of a contour follower it is possible to 
find voltage functions analogous to both 
sides. Tne characteristic points (points of 
reversal, breaking, starting, and ending) are 
then detectable by differentiating these 
functions. 

The comparison between the differential 
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pulse pattern received and the reference 
pattern must fulfil the conditions that no 
time coincidence and no amplitude equality 
are used as criteria. Then the method war- 
rants a certain invariancy with regard to 
the horizontal and vertical position, to the 
horizontal width and the vertical length, as 
well as to the inclination and distortions 
within the vertical length. This means that 
it is possible to use only one reference pat- 
tern for the recognition of a large variety of 
type styles without any need of positioning 
or centering. 

Two reader test models are discussed in 
more detail. The first test model was in- 
tended for the recognition of printed numer- 
als having a size of about 8 mm. and a thick- 
ness of the strokes of about 0.8 to 1 mm., 
and having a shape which had to be recog- 
nized with the smallest possible expenditure. 
The second test model, however, was to 
handle typewritten numerals of different 
common type styles. The error rate of 10-* 
or less is no longer warranted if the difference 
between the reflexion factor of any point of 
the whole figure and that of any point of the 
whole scanned background is smaller than 
30%, assuming that 100% is the reflexion 
factor of the best paper available. 

Technical details are listed in an appendix. 


The potential field as an aid for character 
recognition. H. Kazmierczak. Institut 
fiir Nachrichtenverarbeitung und 
Nachrichtenitibertragung Technische 
Hochschule, Karlsruhe, Germany. 

1. Introduction. This report deals with 
character recognition. The potential field 
gives indications of shapes which are rather 
immune against various imperfections. 

2. Theory. In an even plate of uniform 
electric conductivity the basic relation div 
grad FE = 0 is valid for the potential E in 
areas without external inflow. If the differ- 
ential coefficients of all orders are known for 
one single point, it is theoretically possible 
to calculate the geometrical shape of the 
edge having a certain constant potential Eo. 
If the character is transduced into a line of 
constant potential the surrounding poten- 
tial distribution gives information about its 
geometrical shape. A simple approximation 
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of the two-dimensional field of flow is a net- 
work of resistors. One possible way of apply- 
ing the marginal potential EZ» is the use of 
coupling diodes connected with the connect- 
ing points of the resistor network. The 
potential field is framed rectangularly by 
leads electrically grounded. 

3. Potential Method. The advantage of 
this method is the recognition of shape ele- 
ments by a shape code. Elements of the 
shape code are, for example, the potential 
and its first and second derivatives, feed and 
field potential, and the currents flowing into 
the line of constant potential. By this totally 
or greatly closed, nearly straight lines, lines 
open to the left or right, and exposed margi-” 
nal points or peaks are recognized. The 
potential field gives indications in a very 
easy manner how to center a character line. 

4. Possible Ways to Practical Solution. 
One possible way of determining the shape 
criteria is the use of small transformers 
operating in the non-linear section of their 
characteristics in a similar way as in the 
technique of ferrit core matrices. 


Information-theoretic aspects of character 
reading. Stanley Frankel. General 
Electric Computer Department (Con- 
sultant), U.S. A. 

Character reading requires the identifica- 
tion of an observed pattern with one of a 
finite set of prototype patterns (the “char- 
acter font’’). Normally the choice of proto- 
type is made on the basis of a suitably de- 
fined ‘‘closest resemblance” to the observed 
pattern, thus the pattern space is divided 
into disjoint convex regions about the proto- 
types. Alternatively, these regions of accept- 
ance may be separated by a multiply con- 
nected region of ambiguity for which no 
identification is made. 

In some contexts the character font as 
well as the recognition equipment is subject 
to the designer’s choice. Cne criterion of 
choice is the minimum “distance” separating 
the prototype patterns, which determines 
the ease of distinguishing them. The metric 
here implied is determined by the statistical 
properties of disturbances to which the pro- 
duction, transmission and observation of the 
patterns is subject. A straightforward sto- 
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chastic hypothesis and plausible limitations 
on the available pattern space yields a 
Euclidian distance in a many-dimensional 
hypercube. The number of dimensions, 7, is 
subject to choice within a limit. The clearly 
advantageous use of corners for the proto- 
type patterns reduces the problem of opti- 
mum font design to the Hamming problem 
of error-correcting code design. 

For a font of many characters and very 
large n the fractional (Hamming) distance 
may be kept <4. For a font of 2M (or of 
2M — 1) characters the greatest fractional 
distance attainable is M/(2M — 1). The 
efficiency of a font may be judged by com- 
parison of its minimum distance with 
M/(2M — 1). This ultimate distinguisha- 
bility is rapidly approached with increasing 
n, and is attained for finite n. For a hexa- 
decimal font the ultimate separation of 
845 is attained at n = 16!/2-(8!)*, however 
a separation of 14 (hence efficiency of 1576) 
is reached with n = 8. 


On the recognition of speech by machine. 
G. W. Hughes and M. Halle. Re- 
search Laboratory of Electronics, 
Massachusetts Institute of Tech- 
nology, Cambridge, Massachusetts, 
U.S. A. 

The paper discusses problems involved in 
designing a device capable of distinguishing 
among speech events that are normally 
recognized as different by native speakers 
of a particular language. Parallels between 
these problems and those of chemical analy- 
sis are pointed out. In both cases, the en- 
semble of entities to be identified is un- 
bounded in principle. The entities to be 
analysed are considered as complexes of a 
restricted set of ultimate constituents: ele- 
ments and subatomic particles in chemical 
analysis, phonemes and distinctive features 
in linguistic analysis. Although perfectly 
lawful, the relationship between the physi- 
cal properties of the entities to be identified 
and those of their ultimate constituents is 
not necessarily direct. Analysis procedures 
cannot, therefore, be based exclusively on 
the direct detection of the properties of the 
ultimate constituents, but must utilize to 
some extent indirect methods of inference. 





Special problems arising in this connexion 
are discussed. It is also noted that devices 
capable of identifying only some of the rele- 


‘vant features can have practical utility, 


provided that there be a method for predict- 
ing what ‘confusions’ will be made by the 
device as a consequence of its incomplete- 
ness. Speech recognition programs embody- 
ing the above theoretical insights were de- 
veloped and put into operation on a digital 
computer. A description of some of these 
programs is given. 


Report on a general problem-solving pro- 
gram. A. Newell, J. C. Shaw, The 
RAND Corporation, Santa Monica, 
California, U. S. A., and H. A. 
Simon, Carnegie Institute of Tech- 
nology, Pittsburgh, Pennsylvania, 
U.S.A. 

This paper reports on a computer pro- 
gram, called GPS-I for General Problem 
Solving Program I. Construction and inves- 
tigation of this program is part of a research 
effort by the authors to understand the in- 
formation processes that underlie human 
intellectual, adaptive, and creative abilities. 
The approach is synthetic—to construct 
computer programs that can solve problems 
requiring intelligence and adaptation, and 
to discover which varieties of these pro- 
grams can be matched to data on human 
problem-solving. 

GPS-I grew out of an earlier program, the 
Logic Theorist, which discovers proofs to 
theorems in the sentential calculus. GPS-I 
is an attempt to fit the recorded behavior of 
college students trying to discover proofs. 
The purpose of this paper is not to relate 
the program to human behavior, but to 
describe its main characteristics and to 
assess its capacities as a problem-solving 
mechanism. The paper will present enough 
theoretical discussion of problem-solving ac- 
tivity, so that the program can be seen as an 
attempt to advance our basic knowledge of 
intellectual activity. The program will be 
assessed from this point of view, rather than 
whether it offers an economical solution to a 
significant class of problems. 

The major features of the program that 
are worthy of discussion are: 
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1. The recursive nature of its problem- 
solving activity ; 

2. The separation of problem content 
from problem-solving technique as a 
way of increasing the generality of the 
program; 

3. The two general problem-solving tech- 
niques that now constitute its reper- 
toire: means-end analysis, and plan- 
ning; 

4. The memory and program organization 
used to mechanize the program (this 
will be sketched only briefly, since 
there will be no space to describe the 
computer languages [IPL’s] used to 
code GPS-I). 

In so far as these are known, the kinds of 
problems that GPS-I can work on, and the 
performance it shows with these problems 
will be indicated. There will also be some 
discussion of problem-solving techniques 
that are not incorporated in GPS-I and of 
the limits of the program for growth and 
learning. 


A new method for discovering the grammars 
of phrase structure languages. F. J. 
Solomonoff. Zator Company, Cam- 
bridge, Mass., U.S. A. 

A new method has been devised for the 
discovery of the grammars of phrase struc- 
ture languages. A technique is used that is 
similar to one described by Chomsky and 
Miller for discovering the grammars of 
finite state languages. 

In finite state languages, a phrase that 
forms a “cycle”? may be successively re- 
peated an arbitrary number of times in an 
acceptable sentence, because the insertion 
of that phrase does not change the state 
that exists at the point of insertion. In 
phrase structure languages, the correspond- 
ing entity that forms a cycle is an ordered 
pair of phrases. If the first phrase of sucha pair 
be inserted before, and the second phrase be 
inserted after a suitable type of single 
phrase in an acceptable sentence, then the 
sentence will remain acceptable. This inser- 
tion may be repeated an arbitrary number 
of times, because the process does not change 
the phrase type of the single phrase. 

The set of all such cycles and higher order 


cycles that exist in a phrase structure lan- 
guage, along with the insertion rules, con- 
stitute a complete grammatical description 
of the language. These cycles are discovered 
by a systematic process of deletion and re- 
insertion of phrases and pairs of phrases. A 
“teacher” or equivalent is used to determine 
if the sentences resulting from the deletions 
and reinsertions are acceptable sentences. 

This method of grammar discovery has 
applications in information retrieval, lin- 
guistics, pattern recognition and a kind of 
mechanical translation. 


Plastic neurons as memory elements. D. G. 
Willis. Lockheed Aircraft Corpora- 
tion, Missile Systems Division, Palo 
Alto, California, U.S. A. 

Human beings are perhaps the only exam- 
ples of truly effective learning and pattern 
recognition automata; yet very little is 
known of their detailed logical functioning. 
One of the significant problems which has 
been recognized is to understand the mecha- 
nism of human memory, in particular its 
large size and its apparent random access 
character. 

We can estimate the human memory ca- 
pacity to lie with good probability in the 
range from 10" to 10'* bits. At the same 
time the number of neurons in a human sys- 
tem is close to 10". If we make the assump- 
tion that human memory is associated with 
neurons, we may say that on the average one 
neuron can store between 1 and 1,000,000 
bits of information. 

Following the original work of McCulloch 
and Pitts, much has been done in the analy- 
sis of formal neuron systems whose elements 
do not change their logical properties with 
their activity. Since such neurons can store 
at most one bit of information each, they 
probably cannot provide an adequate model 
for human memory. 

Neurophysiologists have long envisioned 
the possibility of plastic neurons, or neurons 
which change their logical properties with 
their activity. Although it has not yet been 
possible to observe such behavior in human 
neurons, several models of this kind have 
been suggested such as those of Eccles, 
Hebb, and Shimbel. 
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It is the purpose of this paper to define 
precisely a class of plastic neuron models, to 
determine their information storage ca- 
pacity, and to show the mechanism by 
which information can be read into and out 
of a system of such neurons on a random 
access basis. 

The neuron model we investigate has an 
arbitrary number n of input leads and one 
output lead. At any time step the ith input 
lead will have some “synaptic” value, s;, 
associated with it, and will be carrying some 
signal, e;, which is either 1 or 0 (firing or not 
firing). The neuron will fire and produce a 
1 signal on its output lead if, at the previous 
time step, 

> ae esi 


is greater than or equal to some threshold 
value 7’. The synaptic value, s;, will increase, 
decrease, or remain unchanged at each time 
step depending upon the firing condition of 
the neuron and the signal just carried by the 
ith lead. 

The storage capacity of this neuron model 
is determined principally by the long term 
stability of the s values, and for any reason- 
able number of inputs appears to be com- 
patible with the requirements for human 
memory. 

We find that it is possible to read informa- 
tion into and out of single neurons of this 
kind simply by adopting an artifice of two 
separate read-in leads with absolute excita- 
tory and inhibitory capacity. Two demon- 
strations are presented showing the read-in- 
read-out properties of a system of 288 
plastic neurons simulated on a digital com- 
puter. An expression is derived for the out- 
put of a plastic neuron as a function of its 
previous history. 

The necessity for the artifice of absolute 
excitation and inhibition may be removed 
by considering a large system of neurons 
containing feedback connexions. 

Thus, it is shown that this kind of plastic 
neuron model is compatible with the large 
capacity and with the apparent random 
access character of human memory. 


Analysis of the working principles of some 
self adjusting systems in engineer- 


ing and biology. S. N. Braines, A. V. 
Napalkov, Psychiatry Research Insti- 
tute, Moscow, USSR and Yu. A. 
Schreider, Electronic Mathematical 
Machines Research Institute, Mos- 
cow, USSR. 

The report deals with control processes 
characterized by the volume of utilized in- 
formation, by the direction of the informa- 
tion streams and the time needed to work 
out the corresponding control algorithm. 

Numerical characteristics of the best 
attainable quality of control are given, as 
well as an estimation of the time needed to 
work out the control algorithm. 

The general diagram of development of 
conditional reflex chains is _ considered. 
Algorithms forming the basis of the working 
out of complex systems of reflexes under 
various conditions are described on the basis 
of experimental data. Particularly, algo- 
rithms are considered which are connected 
with the utilization of previously developed 
reflex chains. A system of subordination in 
the action of conditional stimuli has been 
detected in experimental conditions. These 
mechanisms enable estimation of the infor- 
mation coming in from the environinent, 
reduce the amount of information that has 
to be treated and eliminate the necessity of 
testing it all. 


Experiments in machine learning and think- 
ing. 7’. Kilburn, R. L. Grimsdale and 
F. H. Sumner, Electrical Engineering 
Laboratories, University of Man- 
chester, United Kingdom 

This paper describes experiments using 
the Manchester University computers to 
demonstrate machine learning and thinking. 

A digital computer has been successfully 
arranged to generate its own programmes. 
The machine is supplied with a criterion or 
set of criteria which the generated pro- 
grammes must satisfy. 

For the generated programmes to be 
novel and interesting it is essential that there 
be some degree of randomness in their con- 
struction. However, a completely random 
method of selection of instructions for the 
programmes is undesirable, as such a system 
would be incapable of self-improvement. A 
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number of methods are available by which 
the machine will improve its ability in 
programme generation. In one of these a feed- 
back system is employed in which the proba- 
bilities of selection of the various instruc- 
tions are varied according to the success of 
the generated programmes, thus enabling 
the machine to learn the most suitable in- 
structions to use. The machine can also 
learn by experience, because all successful 
programmes are remembered and the ma- 
chine can generate new programmes by 
modifying or adding to these. In this way as 
the machine gains in experience, the rate of 
production of programmes, and the com- 
plexity of these programmes, increases. 
Other forms of introspection are also used 
to improve the programmes, for example, 
non-useful instructions are removed. 

The first criterion used was that the pro- 
grammes should represent convergent series. 
Many programmes were produced, some of 
a very complex form, none of these could 
have been predicted and all were originally 
unknown to the machine. In a second series 
of experiments, the criteria were made less 
general, the programmes had to generate a 
specified sequence of numbers, the first three 
terms of each sequence being supplied to 
the machine. This experiment clearly dem- 
onstrates how the machine can learn to 
solve more difficult problems by referring to 
the solutions obtained for simpler related 
ones. With no prior knowledge, the machine 
is unable to generate programmes to satisfy 
the more difficult criteria; however, by 
making use of experience gained with simpler 
criteria, the machine rapidly produces suc- 
cessful programmes. 

The paper describes work now in progress 
to extend the above scheme in which the 
machine classifies the programmes it has 
produced and proceeds to develop its own 
criteria. 


A machine model of recall. M. EF. Stevens. 
National Bureau of Standards, Wash- 
ington, D. C., U.S. A. 

A machine model of certain logical recall 


operations, involving both pattern recogni- 
tion and a limited degree of machine learn- 
ing is described. The model consists of an 
initial vocabulary of terms (nouns, adjec- 
tives, and proper names) and stored records 
of certain of their semantic and logical 
interrelationships, together with routines for 
various operations upon the machine’s store 
of “knowledge” as available at any given 
time. In the operation ‘Define’, the ma- 
chine defines a given input term with respect 
to other terms that are applicable to it, i.e., 
given a specific term, it lists pertinent 
generic and descriptive terms. In “Extend’’, 
the machine lists specific examples of a 
given generic term. In “Locate”, the ma- 
chine searches for any term in its vocabu- 
lary related to a given input term in the 
sense of identifying the geographic location, 
if any, appropriate to that term. In 
“Match”, several input terms are inter- 
compared to find common reference to other 
terms and the vocabulary is then searched 
for any additional term that thus matches 
the input term. 

These and other operations are used to 
illustrate potentialities for new machine 
aids to information retrieval, literature 
search, and preliminary routing or classifi- 
cation of subject matter items, such as ma- 
chine reformulation of the searcher’s ques- 
tions, routing of incoming material to the 
appropriate geographic and/or subject desk, 
and automatic indexing. 

Other operations provide for a measure of 
“learning” of new terms as well as for 
“forgetting” of other terms. New terms are 
accepted either by tentative assignment to 
hitherto unknown terms of the relationship 
references common to known terms occur- 
ring in the same context as the new term, or 
by routines calling for man-machine inter- 
communication during the operation and for 
operator feedback, including “rewards” for 
correct answers. 

Experimental results obtained with SEAC 
will be reported, and the implications of the 
tests of the model for information retrieval, 
intelligence testing, etc., are discussed. 
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Some say the world will end in fire, 


Some say in ice. 


From what I’ve tasted of desire 
I hold with those who favor fire. 
But if it had to perish twice, 

I think I know enough of hate 

To say that for destruction ice 


Is also great 


And would suffice. 


Robert Frost, Collected Poems 
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Why the insights of Experimental Psy- 
chologists count for so much at Gen- 
eral Electric’s Heavy Military Elec- 
tronics Department... 


Systems in development at Heavy Military Electronics 
Department encompass mission parameters of great 
multiplicity and diversity. A single program may en- 
visage the coordinated functioning of far-flung Data 
Gathering, Data Processing, and Communications Ele- 
ments. In systems of such complex character, experience 
here has repeatedly demonstrated the value of investi- 
gating and controlling in depth the interaction of man- 
machine-environment relationships. 

The Human Factors Group works closely with engineer- 
ing contributors, exercising a vital influence on the de- 
sign of systems and equipments. Experimental Psychol- 
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ogists here shape basic concepts at all points where 
Human Factors impinge—whether in regard to operator 
vs. machine capabilities, data flow, or personnel selec- 
tion and training. The Experimental Psychologist at 
Heavy Military knows the stimulation of extremely 
diverse problems, combined with professional responsi- 
bility for decisions of far-reaching consequence. 


Senior Positions Open Now In: 


Systems Philosophy « Data Flow e Design e Component 
Development Evaluation « Simulation ¢ Personnel Se- 
lection and Training 

Inquiries are invited from Experimental Psychologists 
with broad backgrounds in systems development from 
the standpoint of Human Factors. A PhD degree is pre- 
ferred. Familiarity with engineering concepts in elec- 
tronics and/or with military operations problems is 
highly desirable. Write in confidence to: Mr. George B. 
Callender, Dept. 130-QI. 


HEAVY MILITARY ELECTRONICS DEPARTMENT 


GENERAL @@ ELECTRIC 


Court Street, Syracuse, N.Y. 














THE SOCIAL PSYCHOLOGY OF GROUPS 


By JOHN W. THIBAUT, Univ. of North Carolina; and HAROLD H. KELLEY, University 
of Minnesota. This book is designed to bring order and coherence to present-day 
research in interpersonal relations and group functioning. To achieve this aim the 
authors employ simple concepts and principles which are defined and illustrated 
explicitly, and introduce new or more complicated concepts only when it becomes 
necessary. Thus, the book begins with an examination of one of the simplest forms 
of social phenomena, the two-person relationship or dyad. The basic principles that 
are used throughout the book are introduced, defined, and illustrated in the analysis 
of the formation of a dyadic relationship and the consequences of the pairs’ con- 
tinued interaction. These concepts are then employed to illuminate larger problems 
and more complex social relationships and to examine the significance of such con- 
Sac as role, norm, power, group cohesiveness and status. 1959. 313 pages. Illus. 

7.00. 


THE LANGUAGE OF PSYCHOLOGY 


By GEORGE MANDLER, Harvard University; and WILLIAM KESSEN, Yale Univer- 
sity. Offers an analysis of scientific language in psychology, tracing its development 
from the everyday vernacular to the formulation of explicit theories. It deals with 
such contemporary issues in philosophy and psychology as phenomenology, opera- 
tionism, definition, induction, the nature of explanation, and the creation and struc- 
ture of scientific theories. The authors emphasize recent developments in the logic 
and philosophy of science, and discuss the use of psychological findings and theory 
. an understanding of traditional philosophical problems. 1959. 30] pages. Illus. 

675. 


INDIVIDUAL CHOICE BEHAVIOR 


By R. DUNCAN LUCE, The University of Pennsylvania. This research monograph 
is devoted to a theoretical (mathematical) analysis of one of the major themes of 
interest to psychologists: choice. The analysis begins by stating a general axiom 
that may hold among the probabilities of choice from related sets of alternatives. 
This is shown to imply the existence of a ratio scale that is then used to analyze a 
number of traditional problems. The three main subjects treated are psychophysics, 
utility theory, and learning. 1959. 153 pages. $5.95. 


PSYCHOLOGY FOR BETTER LIVING 


By LYLE TUSSING, El Camino College. This book is concerned with the unceasing 
efforts of man to live a full, stable, happy life in a world complicated by the advance 
of the atomic age and the dynami¢ changes it has brought to our complex environ- 
ment. The author shows how the(ne¢d for self-understanding must serve as the essen- 
tial prerequisite to world understdnding. A practical guide to planning better living 
patterns, the book deals with such themes as methods of problem-solving, prin- 
ciples of learning, methods of concentration and retention of ideas, the development 
and control of emotion, mental illness and how to avoid it, and choosing a marriage 
partner. 1959. Approx. 448 pages. Prob. $4.95. 


Send for examination copies. 


JOHN WILEY & SONS, Inc. 440 Fourth Avenue, New York 16, N.Y. 
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MODERN ORGANIZATION THEORY 


A Symposium of the Foundation 


for Research on Human Behavior 
Edited by MASON HAIRE, University of California, Berkeley 


Eleven distinguished scholars have contributed to this symposium volume, 
which treats the latest and most significant research and theory related 
to organizational behavior. The theories considered are largely, though 
not exclusively, industrial. Topics range from the conflict between person- 
ality and organization to the biological models of social organization and 
the cost of decentralization. Thus an unusual focus of interests is brought 
to bear on a single theme. 


List of papers and contributors... 


Introduction—Recurrent Themes and General Issues in Organization Theory MASON HAIRE 
Concept of the Social Organization E. WIGHT BAKKE 
A Behavioral Theory of Organizational Objectives R. M. CYERT and JAMES G. MARCH 
A Logical Task as a Research Tool In Organization Theory ANATOL RAPOPORT 
Understanding Human Behavior in Organizations: One Viewpoint CHRIS ARGYRIS 
An Interaction Approach to the Theory of Organization WILLIAM FOOTE WHYTE 
A Motivation Approach to A Modified Theory of Organization and Management RENSIS LIKERT 
Stability of Human Organizations ROBERT DUBIN 
The Potential Contribution of Graph Theory to Organization Theory DORWIN CARTWRIGHT 
Biological Models and Empirical Histories of the Growth of Organization MASON HAIRE 
Efficient and Visible Organizational Forms JACOB MARSCHAK 
1959. 324 pages. Illus. $7.75. 


One of a series of books from the research program of the 


Institute of Industrial Relations, University of California. 


JOHN WILEY & SONS, Incorporated 
440 Fourth Avenue New York 16, N.Y. 
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LAFAYETTE INSTRUMENT COMPANY 
MULTI-PURPOSE POLYGRAPH RECORDER 


One Instrument for many applications 


As a research unit it provides flexibility before unknown 


Each recording channel removable and replaceable by any of the 
following: skin temperature, galvanic skin resistance, blood pressure- 
pulse, respiration, tremor, and impulsor. 


POLYGRAPH APPLICATION (5) Biological laboratory 
(1) Research polygraph (6) Human engineering research 
(2) Demonstration polygraph (7) Neurological studies 
(3) Deceptograph (8) Group behavior studies 
(4) Speech therapy work (9) Multi-pen activity studies 


Request our complete instrument catalogue. 





Lafayette Instrument Company 
Box 393 : 


Lafayette, Indiana 
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